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Abstract 

 Sweet preference is a stable, genetically-mediated trait that is associated 

with vulnerability to drug dependence in both human and non-human animals.  For 

instance, rats that have been selectively bred for high intake of a saccharin solution (HiS) 

are more drug-prone than rats bred for low saccharin intake (LoS).  The experiments 

detailed in this review investigated whether the HiS and LoS phenotypes would display 

differential effects of pharmacological agents on cocaine self-administration and cocaine-

seeking behavior.  Treatment effects (e.g., baclofen, progesterone, allopregnanolone, or 

histamine) were examined between the HiS and LoS rats during the following phases: 

escalation during long access (LgA) to the drug [Experiments 1 (baclofen) and 3 

(progesterone)], including pre- and post-escalation short-access (ShA) periods, dose-

response assessment, and cocaine-primed reinstatement of extinguished drug-seeking 

behavior [Experiments 2 (baclofen) and 4 (allopregnanolone)].  The last experiment 

investigated the effect of pharmacological treatment of steady-state cocaine self-

administration; specifically, we used a punishment paradigm in which histamine was 

added to the i.v. cocaine self-administration solution (Experiment 5).  We found that 

baclofen and progesterone decreased cocaine intake in LoS animals but increased cocaine 

intake in HiS animals.  Baclofen attenuated cocaine-primed reinstatement of drug-

seeking behavior in both HiS and LoS rats equally.  In contrast, allopregnanolone 

potentiated low-dose cocaine-primed reinstatement in LoS rats, whereas it attenuated this 

response following moderate-dose cocaine priming injections in the HiS rats.  Histamine 

was equally effective in punishing cocaine self-administration in both phenotypes; 
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however, LoS rats exhibited a delay in reaching baseline levels of self-administration 

following histamine punishment.  By demonstrating that phenotypic variance in sweet 

preference can predict treatment sensitivity in substance-dependent individuals, these 

data can inform more effective, personalized treatment strategies. 
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Introduction 

A central question in drug abuse research pertains to why some people become 

addicts while others do not.  It is clear that there is no single explanation; addiction 

vulnerability is the product of multiple interacting factors such as cultural/socioeconomic 

conditions, psychiatric liability, and genetic predisposition (Agrawal et al. 2012; 

Swendsen and Le Moal 2011).  However, results from experiments designed to address 

this question are of little utility unless they ultimately guide more effective preventative 

and therapeutic measures.  The introduction to this review will provide background on 

the contribution of genes to substance use disorders, and how this has been established in 

the human and non-human animal literature.  It will then discuss the heritability of sweet 

preference and its relationship to addiction vulnerability, leading to the main research 

question addressed by this review: can sweet preference serve as a predictor for 

sensitivity to pharmacological interventions directed at cocaine self-administration and 

cocaine-seeking behaviors?  

 

Human Studies  

In humans, vulnerability to drug dependence is heterogeneous, as its determinants 

vary widely between individuals (Swendsen and Le Moal 2011).  Of these determinants, 

genetic disposition has substantial influence.  Initial studies showed that adopted children 

born from individuals with histories of drug dependence were more likely to also become 

drug dependent than those born from non-dependent parents (Cadoret et al. 1986; 

Goodwin et al. 1973).  Subsequent comparisons of drug dependence between 
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monozygotic and dizygotic twins have provided a range of heritability estimates, 

accounting for between 33% to 79% of the variance in vulnerability between individuals 

(for review, see Agrawal and Lynskey 2008).  Furthermore, different licit and illicit drugs 

offer unique estimates (Agrawal and Lynskey 2006; Kendler et al. 1999; Kendler and 

Prescott 1998; Prescott and Kendler 1999).  Adoption and twin studies have elucidated a 

role for genes in dependence liability, although either approach has methodological 

limitations that may inflate heritability at the cost of environmental estimates (Miller et 

al. 2000; Richardson and Norgate 2005).  Animal experiments, on the other hand, can 

control environmental factors, thus they offer convergent evidence for genetic influence 

in addiction vulnerability. 

 

Animal Models and Selection of Behavioral Traits  

Observations of drug use vulnerability in non-human mammals precede recent 

developments in the systematic application of animal models of drug self-administration 

(Higgins 2003).  For example, Darwin noted in The Descent of Man, and Selection in 

Relation to Sex (Darwin 1874) that while ―many kinds of monkeys have a strong taste for 

tea, coffee, and spirituous liquor… An American monkey, an Ateles, after getting drunk 

on brandy, would never touch it again, and thus was wiser than many men.‖  Current 

research has expanded on this prescient observation using a variety of methodologies.  

One approach in the recent animal literature involves assessing variability in drug-related 

measures (e.g., self-administration, locomotor activity, etc.) in rats from genetically 

heterogeneous, outbred stocks (see Table 1).  Since it is assumed that these rats are 
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derived from more or less random mating procedures, this strategy has the advantage of 

face validity by approaching the heterogeneity found in human populations.  Deroche-

Gamonet et al. (2004), for example, modeled multiple criteria for addiction diagnoses 

based on the DSM-IV (American Psychiatric Association. and Task Force on DSM-IV. 

1994) in humans using an array of procedures, such as progressive-ratio responding 

(motivation), reinstatement (relapse), and resilience of shock-punished cocaine self-

administration (persistence despite negative consequences).  Outbred rats were the 

subjects in this study, and each rat underwent all procedures.  The authors found great 

variability between the animals in meeting the various criteria, with distributions closely 

modeling human epidemiological trends such that only a minority met all three (National 

Center for Health Statistics (U.S.) and National Center for Health Statistics (U.S.). 2011).  

A more recent study has confirmed this pattern, showing that only a small percentage of 

rats prefer drugs to other non-drug rewards, regardless of drug-taking history (Cantin et 

al. 2010).  As environmental conditions were equivalent between animals, these data 

support the role of genes in addiction vulnerability.   
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Table 1  Summary of studies on selected individual differences and their effects on 

drug- and food- motivated behavior 

 

Selection criterion 

(High vs. Low 

vulnerability) 

Drug-related behavior Drug/Reinforcer Reference 

Novel environment 

reactivity 

(HR vs. LR) 

Drug-induced locomotor 

activity (HR>LR) 

Amphetamine Piazza et al. (1990) 

Morphine Deroche et al. 

(1993) 

Self administration 

(HR>LR) 

Amphetamine Piazza et al. (1990) 

Impulsivity 

(delay discounting; 

HiI vs. LoI) 

Acquisition (HiI>LoI) Cocaine Perry et al. (2008) 

Acquisition (HiI>LoI) Ethanol Poulos et al. (1995) 

Escalation (HiI>LoI) Cocaine Anker et al. (2009b) 

Reinstatement (HiI>LoI) Cocaine Perry et al. (2008) 

Impulsivity 

(5CSRTT;  

HiI vs. LoI) 

Acquisition (HiI>LoI) Cocaine Dalley et al. (2005) 

Self-administration 

(HiI>LoI) 

Cocaine Dalley et al. (2005) 

Reinstatement (HiI>LoI) Cocaine Economidou et al. 

(2009) 

Incentive salience 

(ST vs. GT) 

Self-administration 

(ST>GT) 

Cocaine Saunders and 

Robinson (2011) 

Reinstatement (ST>GT) Cocaine Saunders and 

Robinson (2011) 

Locomotor sensitization 

(ST>GT) 

Cocaine Flagel et al. (2008) 

Impulsivity   

(2CSRTT; GT>ST) 

Food Lovic et al. (2011) 

Wheel Running 

(HiR vs. LoR) 

Self administration 

(HiR>LoR) 

Cocaine Larson and Carroll 

(2005) 

Reinstatement 

(HiR>LoR) 

Cocaine Larson and Carroll 

(2005) 
HR and LR, high and low novelty responders; HiI and LoI, high and low impulsive; ST and GT, 

sign-trackers and goal-trackers; HiR and LoR, high and low wheel-runners 
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Furthermore, variability in drug-seeking behavior has been associated with 

individual differences in other stable, genetically-mediated traits associated with 

addiction liability in humans (see Table 1).  For example, activity level in a novel 

environment is a stable behavior that corresponds with human characteristics linked to 

drug abuse liability or resilience (Blanchard et al. 2009; Davis et al. 2008), such as 

sensation seeking (Howard et al. 1997), stress response (Lovallo 2006), and aspects of 

impulsivity such as behavioral disinhibition (Iacono et al. 2008) and the discounting of 

delayed rewards (Mackillop et al. 2011).   

In a seminal study by Piazza et al. (1989), outbred Sprague-Dawley rats exhibited 

significant variation in locomotor activity induced by a novel environment, and this 

behavior was positively correlated with amphetamine-induced locomotor activity and 

amphetamine self-administration.  The results from this study have been expanded across 

multiple drug classes and animal models of addiction, with the high novelty reactive rats, 

or high responders (HR), displaying drug-prone profiles and the low novelty responders 

(LR) showing drug-resilient profiles (Kabbaj 2006). 

Additional investigators have screened rats on behavioral measures that do not 

directly assess drug use or response and have established a positive relationship with 

measures that involve drugs.  Typically, there is a direct relationship between assessment 

of certain drug (e.g., self-administration) - and nondrug (e.g., novel response)-related 

behaviors, such that high measures on one parameter predict high measures on the other.  

For example, rats screened for high impulsivity using a delay discounting task for food 

also acquired cocaine self administration (Perry et al. 2005) and escalated cocaine intake 
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at faster rates (Anker et al. 2009b) compared to rats screened for low impulsivity.  Using 

another measure of impulsivity, the five choice serial reaction time task (5-CSRTT), 

Economidou et al. (2009) showed that rats screened for high impulsivity reinstated drug-

seeking behavior despite punishment for longer periods than rats screened for low 

impulsivity.  This relationship holds for other procedures that model traits that vary 

between individuals, such as attribution of incentive salience to reward-related stimuli 

(sign trackers – ST) vs. attention focused on reward location (goal trackers – GT) 

(Saunders and Robinson 2011) and varying interest in natural rewards such as high (HiR) 

or low (LoR) levels of physical activity (Larson and Carroll 2005). 

 

Selective Breeding of Behavioral Traits in Animals 

Another approach to investigating genetically-mediated differences in addiction 

vulnerability involves breeding rodents based on bidirectional behavioral criteria (see 

Table 2).  By mating animals that exhibit extremely high or low measures, these studies 

illustrate that the behavior of interest is under genetic influence because successive 

generations show more stable and robust corresponding behaviors.  A prominent example 

of this procedure is found in alcohol research in which breeding for differential drug 

intake was conducted by selecting animals on measures of high and low ethanol intake 

(Mardones et al. 1953).  Since then, multiple rodent strains have been produced based on 

varied behavioral and physiological responses to alcohol in humans (Crabbe 1984; Li et 

al. 1993).  Such criteria have included alcohol consumption (Foroud et al. 2000; McBride 

and Li 1998), sensitivity to withdrawal (Crabbe et al. 1985), ethanol-induced 
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hypothermia (Cunningham et al. 1991), and locomotor reactivity (Phillips and Dudek 

1991).   

Table 2  Summary of studies on selectively-bred individual differences and their effects on 

drug- and food- motivated behavior 

 

Selective-breeding 

criterion (High vs. Low 

vulnerability) 

Drug-related behavior Drug/ 

Reinforcer 

Reference 

Ethanol consumption 

(HAC vs. LAC) 

Impulsivity  

(delay discounting; 

HAC>LAC) 

Saccharin Oberlin and Grahame 

(2009) 

Impulsivity  

(probabilistic discounting; 

HAC>LAC) 

Sucrose Wilhelm et al. (2007) 

Impulsivity  

(response disinhibition; 

HAC>LAC) 

Sucrose Wilhelm et al. (2007) 

Exercise (HAC>LAC) Wheel-running Riley et al. (1977) 

Novel environment 

reactivity 

(HR vs. LR) 

Acquisition (HR>LR) Cocaine Davis et al. (2008) 

Active-avoidance 

learning (RHA vs. RLA) 

Acquisition (RHA>RLA) Cocaine Fattore et al. (2009) 

Locomotor Sensitization 

(RHA>RLA) 

Cocaine Pisula (2003) 

Impulsivity  

(delay discounting; 

 RHA>RLA) 

Food Moreno et al. (2010) 

Impulsivity  

(response disinhibition; 

RHA>RLA) 

Food Moreno et al. (2010) 

Novel environment 

reactivity  

(RHA>RLA) 

— Pisula (2003) 

N/A (inbred strains;  

LEW  vs. F334) 

Acquisition Cocaine Kosten et al. (1997) 

Self-administration Cocaine Haile et al. (2001) 

Ethanol Suzuki et al. (1988) 

Locomotor sensitization Cocaine Kosten et al. (1994) 

Reinstatement Cocaine Kruzich and Xi (2006) 

HAC and LAC, high and low alcohol consumers; HR and LR, high and low novelty responders; RHA and RLA, 

Roman high and low avoidance; LEW and F344, Lewis and Fischer F344 
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The selective breeding approach has also been used to differentiate animals by 

their avidity for certain drugs, such as diazepam (Gallaher et al. 1987), opiates (Belknap 

et al. 1983), methamphetamine (Atkins et al. 2001; Wheeler et al. 2009), nicotine 

(Smolen et al. 1994), and cocaine (He et al. 2008).  Similar to studies that selected 

outbred animals for behaviors directly or indirectly related to the behavioral effects of 

drugs, animals selected for high and low addiction vulnerability also display related 

features in the behavioral measures related to drug abuse vulnerability.  For example, 

animals bred for high (vs. low) alcohol consumption also displayed greater impulsivity 

following delay and probabilistic discounting procedures (Oberlin and Grahame 2009; 

Wilhelm et al. 2007), as well as impaired response inhibition (Wilhelm et al. 2007).  High 

alcohol-consuming animals also showed greater avidity for natural rewards such as 

physical activity (Riley et al. 1977). 

 Furthermore, the selective breeding procedure has also been applied to behaviors 

related to addiction.  For example, one bidirectional criterion is novelty induced-

locomotor activity, the same measure that had a positive relationship with response to 

amphetamine by Piazza et al. (1990) in outbred rats.  Rats selectively bred for high 

activity in this paradigm acquired cocaine self-administration more rapidly than those 

bred for low activity (Davis et al. 2008).  Another example of selected lines that exhibit 

behavioral dimensions linked to drug abuse vulnerability are the Roman high (RHA) - 

and low (RLA)-avoidance rat lines.  This selection criterion is based on the learning rate 

of active avoidance in a shuttle box, and it has been proposed to model differential 

emotional coping patterns to aversive events (Giorgi 2006).  High-avoidance rats also 

display an array of behaviors indicative of drug abuse vulnerability, such as high 
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impulsivity (Moreno et al. 2010) and high responsivity to a novel environment (Pisula 

2003) relative to the low avoidance line.  Accordingly, the high-avoidance rats showed 

greater behavioral sensitization to cocaine (Pisula 2003), more robust responding during 

the acquisition of cocaine self-administration, stronger resistance to extinction, and 

greater reacquisition to a low dose of cocaine compared to their low-avoidance 

counterparts (Fattore et al. 2009).  Interestingly, the high-avoidance rats also showed 

greater response to natural rewards, such as environmental enrichment (Fernandez-Teruel 

et al. 2002).  

 Another model that warrants discussion involves the Lewis (LEW) and Fischer 

344 (F344) inbred rat strains.  While not selectively bred for drug-related behaviors, this 

model has been extensively studied in relation to genetically-mediated drug abuse 

vulnerability and related biochemical markers.  Thus, it serves as an important reference 

(Carroll et al. 2008; Kosten and Ambrosio 2002).  Some drug-related behaviors in which 

these strains differ (LEW>F334) are rates of cocaine self-administration acquisition 

(Kosten et al. 1997), maintenance of cocaine self-administration (Haile et al. 2001), 

sensitization to cocaine’s behavioral effects (Kosten et al. 1994), reinstatement of 

cocaine-seeking following extinction (Kruzich and Xi 2006), and alcohol consumption 

(Suzuki et al. 1988). 

The fundamental principle unifying the literature described so far is that addiction 

vulnerability and certain types of behaviors reliably co-vary, and it is probable that they 

are mediated by common underlying mechanisms.  This principle has been well-studied 

with a selective breeding procedure employing differential response to sweets. 
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Sweet Preference and Addiction: Human Studies 

Avidity for sweet consumption is positively related to substance use disorders in 

human populations.  For instance, those who abuse cocaine (Janowsky et al. 2003), 

nicotine (Pepino and Mennella 2007; Pomerleau et al. 1991), opioid (Weiss 1982), and 

alcohol (Kampov-Polevoy et al. 1997; Kampov-Polevoy et al. 2001; Wronski et al. 2007) 

experience greater hedonic effects of sweetened dietary substances than those who do not 

abuse these drugs.  Similar to drug addiction vulnerability, variability in response to 

sweets is a stable trait that also has a heritable influence (Desor and Beauchamp 1987; 

Keskitalo et al. 2007a; Keskitalo et al. 2008; Keskitalo et al. 2007b; Reed et al. 1997; Uhl 

et al. 2009).  It has been proposed that these differences in sweet preference are not 

predominantly mediated by genetic variation in coding for peripheral taste processing 

(i.e., taste receptors); rather, differences in reward processing are related to the central 

nervous system (Bachmanov et al. 2011; Lu et al. 2005).  Further, both alcohol-naïve 

individuals and alcoholics with familial histories of alcoholism display greater sweet 

preference than those without family histories of alcoholism (Kampov-Polevoy et al. 

2003).  This effect is attributable to sensitivity to sweets and not necessarily increased 

sensitivity to tastes (e.g., bitterness) in general.  For instance, alcohol-naïve children of 

alcoholics are less likely to be sensitive to the bitter taste of 6-n-propylthiouracil (PROP) 

(Pelchat and Danowski 1992) than children from nonalcoholic families.  Individuals who 

are less sensitive to PROP find alcohol less bitter and consume greater amounts of it 

(Pelchat and Danowski 1992).  Together, these findings suggest that addiction 

vulnerability and sweet preference are at least partially determined by common genetic 

factors that code for reactivity to rewarding nondrug events. 
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Sweet Preference and Addiction: Animal Models 

Many of the animals screened or selectively bred to show divergence in drug 

seeking or drug response also show divergence in avidity for sweet substances, as 

summarized in Table 3.  For instance, the selected HR rats respond more robustly for 

sucrose (Klebaur et al. 2001) compared to LR rats, while rats selected for high 

impulsivity using the 5-CSRTT show more operant responding for sucrose compared to 

low impulsive rats (Diergaarde et al. 2009).  Additionally, rats selectively-bred for high 

rates of active avoidance learning (RHA) consume more sweetened dietary substances, 

such as saccharin solution, compared to those selectively-bred for low rates of avoidance 

learning (RLA) (Fernandez-Teruel et al. 2002; Razafimanalina et al. 1996).  Rodents 

selected from outbred stocks or selectively bred for high and low alcohol consumption 

ingest high and low amounts of sucrose and saccharin solutions, respectively (Grahame et 

al. 1999; Overstreet et al. 1993; Sinclair et al. 1992; Stewart et al. 1994).  Conversely, 

rats screened for high consumption of sweet substances ingest more ethanol (Gahtan et al. 

1996), amphetamine (DeSousa et al. 2000), and morphine (Gosnell et al. 1995) than rats 

screened for low ethanol intake.  However, it should be noted that rats screened for high 

and low impulsivity with the delay-discounting task do not display a difference in 

saccharin intake (Perry et al., unpublished data), suggesting that sweet preference does 

not completely overlap with all drug vulnerability factors.  Nonetheless, taken together 

with human research, results from these models display a clear relationship between 

sweet intake and addiction vulnerability that strongly implicates some shared,  

genetically-mediated biological mechanisms in these behaviors. 
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Table 3  Summary of studies on selected individual differences for sweet 

preference and their effects on drug- and food- motivated behavior 

 

Selective-

breeding/selection 

criterion  

(High vs. Low 

vulnerability) 

Behavior Sweet 

Substance/Drug 

Reference 

Novel environment 

reactivity 

(HR vs. LR)
b 

Operant responding 

(HR>LR) 

Sucrose Klebaur et al. 

(2001) 

Impulsivity 

(5CSRTT;  

HiI vs. LoI)
b 

Operant responding 

(HiI>LoI) 

Sucrose Diergaarde et al. 

(2009) 

Active-avoidance 

learning  

(RHA vs. RLA)
a 

Consumption 

(RHA>LHA) 

Saccharin Fernandez-Teruel  

et al. (2002) 

Ethanol consumption 

(HAC vs. LAC)
a 

Consumption 

(HAC>LAC) 

Saccharin Grahame et al. 

(1999) 

Consumption 

(HAC>LAC) 

Saccharin Sinclair et al. 

(1992) 

Consumption 

(HAC>LAC) 

Sucrose Stewart et al. (1994) 

Ethanol consumption 

(HAC vs. LAC)
b 

Consumption 

(HAC>LAC) 

Saccharin Overstreet et al. 

(1993) 

Sweet preference 

(SL vs. SDL)
b 

Consumption 

(SL>SDL) 

Ethanol Gahtan et al. (1996) 

Self-administration 

(SL>SDL) 

Amphetamine Desousa et al. 

(2000) 

Self-administration 

(SL>SDL) 

Morphine Gosnell et al. 

(1995) 
HR and LR, high and low novelty responders; HiI and LoI, high and low impulsivity; HAC and 

LAC, high and low alcohol consumers; SL and SDL, sweet likers and sweet dislikers 
a 
Selectively bred 

b
 Selected from outbred stocks 
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Selective Breeding for High (HiS) and Low (LoS) Saccharin Intake 

 While investigating genetic influence on variability in response to sweets, 

Nachman (1959) was the first to illustrate the heritability of saccharin preference by 

employing a selective breeding program in which rats were mated based on consumption 

of a saccharin solution relative to water in a 2-bottle choice test.  Subsequent experiments 

using inbred strains of mice further supported the heritability of saccharin preference 

(Capeless and Whitney 1995; Lush 1989; Pelz et al. 1973; Ramirez and Fuller 1976); 

however, none of these studies investigated additional behavioral features in these 

animals.  Later, Dess and Minor (1996b) selectively bred rats (Holtzman Sprague-

Dawley, Indianapolis, Indiana, USA) for high and low saccharin intake using a 2-bottle 

choice task detailed in the General Methods section.   

Originally, the high and low saccharin-consuming lines, now called Occidental 

(Occidental College, Los Angeles, CA) HiS and LoS rats, were used to investigate the 

interaction between genetically mediated sweet preference and measures of emotionality.  

Subsequently, Dess and colleagues investigated ethanol intake between the HiS and LoS 

rats, since rats selectively bred for high and low ethanol consumption also consumed high 

and low amounts of saccharin, respectively (Overstreet et al. 1993; Sinclair et al. 1992).  

As predicted, the HiS rats consumed more alcohol than LoS rats in free-choice and 

forced-consumption tests (Dess et al. 1998), and these results prompted further 

investigation into differences between the lines with regard to other drugs of abuse.   

Thus, a second colony was established from the Occidental HiS and LoS lines at 

the University of Minnesota, in which the primary interest was cocaine-self 
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administration across various phases of the addiction model, although other drugs (e.g., 

heroin) and assays of drug-vulnerability (e.g., delay discounting, drug-induced locomotor 

activity, etc.) have been employed.  These experiments have largely shown the HiS and 

LoS rats to have drug-prone and -resilient profiles, respectively.  Furthermore, the HiS 

and LoS rats also display differential behavioral profiles on other addiction-related 

measures, such as novelty reactivity (Dess and Minor 1996b) as well as motor (Anker et 

al. 2008) and choice (Perry et al. 2007) impulsivity.  Given that these are common 

features in human and animal addiction vulnerability research, the HiS and LoS rats 

provide an exemplary animal model of genetically mediated addiction proneness and 

resilience.  A review of experiments conducted until 2007 in both colonies of the 

Occidental lines substantiated the drug-proneness and resilience of the HiS and LoS rats, 

respectively, and also showed that these characterizations may interact with other 

vulnerability factors such as age and sex (Carroll et al. 2008).  A selective summary of 

studies investigating drug-related behavior in these lines is given in Table 4.   
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Table 4  Summary of results from studies on selectively bred HiS and LoS rats and 

drug-related behavior  

Behavioral 

Model 

Drug/Reinforcer Phenotype 

effects 

Sex 

differences 

Reference 

Acquisition Cocaine HiS>LoS M only Carroll et al. 

(2002) 

Escalation Cocaine HiS>LoS F only Perry et al. 

(2006) 

Impulsivity 

(Delay 

discounting) 

Food HiS>LoS F>M Perry et al. 

(2007) 

Impulsivity 

(Response 

disinhibition) 

Cocaine HiS>LoS F>M Anker et al. 

(2008) 

Reinstatement Cocaine HiS>LoS F only Perry et al. 

(2006) 

Drug-induced 

locomotor 

activity 

Cocaine HiS>LoS F>M (HiS) Carroll et al. 

(2007) 

Drug-induced 

locomotor 

sensitization 

Cocaine HiS>LoS (F) F>M Carroll et al. 

(2007) 

F, female; HiS, high saccharin; LoS, low saccharin; M, male 

 

Table 5 shows reported saccharin scores from studies conducted after 2007 and 

group means from the Carroll and Dess laboratories through 2008, as well as scores from 

2010-2012.  Group means were derived by averaging reported scores from each 

experiment from either laboratory within the noted timeframes.  Scores have remained 

relatively consistent between previous and recent studies conducted in the Carroll 

laboratory, although scores from the Dess laboratory tend to be more divergent between 

the phenotypes.  Because many procedures used in the Carroll laboratory involve surgical 

i.v. catheter implantation, older (90-120 days) rats are used compared to those used in the 

Dess laboratory (60-90 days), and many rats have experience with cocaine before 

saccharin testing.  These factors may account for inter-laboratory differences.  
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Table 5  Mean saccharin phenotype scores from recent studies in groups of HiS and 

LoS rats 

Females Males 

HiS LoS HiS LoS References 

— — 24.3 4.6 Gosnell et al. (2010) 

21.5 7.9 — — Anker et al. (2009) 

47.0 4.0 — — Yakovenko et al. (2011) 

23.1 8.0 — — Anker and Carroll (2011a) 

36.6 16.9 12.6 9.8 Radke et al. (submitted) (exp 1) 

27.6 22.2 11.7 11.6 Radke et al. (submitted) (exp 2) 

43.0 26.7 13.4 6.9 Radke et al. (submitted) (exp 3) 

24.1 10.4 — — Holtz and Carroll (2012)  

(exp 1)
a 

18.1 0.9 — — Holtz and Carroll (2012)
 

(exp 2)
b
 

20.2 6.5 — — Holtz et al. (in preparation) 

(adults) 

36.9 32.7   Holtz et al. (in preparation) 

(adolescents) 

24.6 13.9 — — Holtz and Carroll (submitted) 

(adults) 

38.4 20.1 — — Holtz and Carroll (submitted) 

(adolescents) 

19.9 10.1 — — Regier et al. (2012) 

21.5 8.1 — — Anker et al. (2012)
c 

21.1 8.7 — — Holtz and Carroll  

(in preparation)
d 

28.5 22.6 — — Holtz et al. (in preparation)
e 

28.3 13.7 15.5 8.2 Group means from 2010-2012 

35.1 10.1 18.8 4.7 Group means from Carroll Lab 

through 2008 

44.1 5.1 31.5 6.1 Group means from Dess Lab 

through 2008 
HiS, high saccharin; LoS, low saccharin; a, b, c, d and e correspond with Experiments 1,2,3,4 and 

5 in this review 
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 One important consideration pertains to the specificity of phenotypic selection 

between the HiS and LoS lines.  That is, the greater sweet consumption, drug-seeking and 

self-administration behavior observed in the HiS animals may not be the result of 

selective breeding for differential sensitivity to rewarding (or aversive) events per se, but 

may result from differential breeding for high and low general activity levels.  Thus, 

while it appears that progenitor HiS rats and their offspring are more prone to consume 

highly-palatable substances compared to the LoS rats, such differentiation may simply be 

a cumulative artifact of increased, nonspecific movement within that phenotype.  

Contrary to this notion, the very criterion of selective breeding is a choice between a 

bottle containing water and one containing a liquid solution that is preferred to water 

under normal conditions.  If the hypothesis were true that the HiS rats consume more 

saccharin compared to LoS rats because drinking behavior falls under the rubric of 

general activity, we would also expect the HiS rats to consume more water in general.  In 

this case, we would see no differences in saccharin phenotypes scores (which account for 

water consumption; saccharin score determination detailed in General Methods section).  

However, it may be argued that both lines have an equivalent preference for saccharin 

solution compared to water baseline, and the putatively increased general activity levels 

of the HiS rats would result in a shorter latency of initial saccharin consumption within 

the preference test.  In this case, HiS rats would effectively have more time to consume 

saccharin within a test, resulting in the divergent scores.  Given the length of access to 

saccharin solution (24 h) this scenario seems unlikely, but as of yet it is unexamined.   
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 Distinguishing the underlying cause of the HiS and LoS phenotypes may best be 

resolved by their performance on a task in which the outcome measure is independent of 

rate or latency, namely a discrete, operant choice task (Bitterman 1962).  The delay 

discounting procedure is such a task that yields an outcome measure considered to be a 

metric of choice impulsivity, and high-ratings of impulsivity are often associated with 

greater drug vulnerability (Perry and Carroll 2008).  During the discrete experimental 

trial within the delay discounting session, a choice is presented in which the animal can 

press only one of two levers to receive either a small, immediate reward (e.g., one food 

pellet) versus a larger, more delayed reward (e.g., three food pellets).  In this design, the 

lever associated with the greater, more delayed reinforcer alternates between 

experimental sessions.  HiS rat have shown stable, low mean average delays (MAD) 

when averaged across the trials during a session, and are considered to display higher 

impulsivity (i.e., more sensitive to temporal discounting of a larger reward), while LoS 

rats display high MADs indicative of lower impulsivity (Perry et al. 2007).  Since the 

average delay measure depends on the animal’s choice and not its rate or latency of 

response, we can say that the phenotypic differentiation of the HiS and LoS lines shows 

greater specificity than simple variation in general activity levels (e.g., response rate, 

latency, etc.).   
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Pharmacological Treatment Sensitivity in Rats with Differential Drug-Seeking 

Behaviors 

 Biologically determined individual differences play a role in pharmacological 

treatment sensitivity in animal models of drug abuse (see Table 6).  For instance, 

spiradoline, a κ-opioid agonist, produced a greater reduction in cocaine-induced 

locomotor activity in female mice compared to males (Sershen et al. 1998), and a similar 

drug, bremazocine, decreased phencyclidine self-administration under a fixed ratio 

schedule of reinforcement more robustly in female rhesus monkeys compared to males 

(Cosgrove and Carroll 2004).  Furthermore, the GABAB agonist, baclofen, had a greater 

effect of lowering acquisition rates of i.v. cocaine self-administration in female rats 

compared to male rats (Campbell et al. 2002), and ketoconazole, a corticosterone 

synthesis inhibitor, suppressed heroin self-administration more in female than in male 

rats (Carroll et al. 2001).  Sex differences in treatment sensitivity also extend to non-

pharmacological interventions.  For example, access to a running wheel decreased 

cocaine self administration more in female rats compared to males (Cosgrove et al. 

2002), and access to saccharin reduced phencyclidine intake more in female compared to 

male rhesus monkeys (Cosgrove and Carroll 2003).  While the scope of individual 

differences in these examples is limited to sex, together they offer an experimentally 

tractable link between neurobiological differences that underpin both addiction severity 

and treatment sensitivity. 
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Table 6  Sex differences in pharmacological and behavioral treatment effects 

Behavioral Model Drug Treatment Treatment 

Effect 

Reference 

Acquisition Cocaine Baclofen F>M Campbell et al. 

(2002) 

Drug-induced 

locomotor activity 

Cocaine Spiradoline F>M Sershen et al. 

(1998) 

Self-administration Heroin Ketoconazole F>M Carroll et al. 

(2001) 

Self-administration Phencyclidine Bremazocine F>M Cosgrove et al. 

(2004) 

Self-administration Cocaine Running wheel F>M Cosgrove et al. 

(2002) 

Self-administration Phencyclidine Saccharin F>M Cosgrove et al. 

(2003) 
F, female; M, male 

 

Similar to sex, variance in autosomal genomic regions is likely a strong 

determinant in substance abuse behaviors, and pharmacological treatment outcomes for 

addiction may likewise be influenced by genetic factors.  This assumption drives the 

developing field of pharmacogenetics, which proposes that polymorphisms within an 

individual’s genome may predict treatment outcome and can therefore guide treatment 

choices.  The application of pharmacogenetics has been investigated for a number of 

psychiatric illnesses (Costa 2012), such as schizophrenia (Burdick et al. 2010), 

depression (Gvozdic et al. 2012; Schosser and Kasper 2009), attention-

deficit/hyperactivity disorder (Kieling et al. 2010), and substance abuse disorders 

(Sturgess et al. 2011).   For instance, initial clinical evidence showed that polymorphisms 

of the Asp40 allele in the gene encoding for the μ-opioid receptor (OPRM1) predicted the 

efficacy of naltrexone administration on abstinence and reduction in alcohol craving in 

alcoholics (Anton et al. 2008; Oroszi et al. 2009), as well as the reduction of positive 
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subjective response to and self-administration of alcohol in individuals not diagnosed 

with alcoholism (Setiawan et al. 2011).  These findings have also been supported by 

preclinical work in which a single nucleotide polymorphism in the OPRM1 gene was 

associated with the dose-dependent effects of naltrexone on the reduction of alcohol 

intake in rhesus monkeys (Vallender et al. 2010).  

 Importantly, the convergence of behavioral, neurobiological, and genetic 

assessment is a promising and rapidly developing strategy for the treatment of psychiatric 

illnesses like substance dependence (Costa 2012; Hulse 2012).  For instance, while 

genotype may predict naltrexone’s efficacy in treating alcoholism, associated phenotypic 

behavioral markers can also be informative.  Garbutt et al. (2009) and Laaksonen (2011) 

showed that individuals with a preference for high concentrations of sucrose respond 

more favorably to naltrexone treatment of alcoholism compared to those preferring lower 

concentrations.  As previously stated, sweet preference is under heritable influence, and 

an ideal animal model would promote analysis of the relationship between this 

genetically-mediated behavioral marker of addiction vulnerability, differences in 

treatment sensitivity, as well as underlying neurobiological functions and genetic 

information.   

The HiS and LoS rats fit these criteria for such a model, and the following 

experiments are examples that establish evidence of differential pharmacological 

treatment sensitivity between the phenotypes.  Similar to the Vallender et al. (2010) study 

with rhesus monkeys, one eventual goal of these investigations is to elucidate relevant 

homologous genetic indicators and related neurobiological functions that may inform 
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pharmacogenetic approaches to addiction.  The major focus of addiction 

pharmacogenetics has been on alcoholism; however, given that there is no approved 

pharmacological treatment for stimulant addiction, the present studies focused on 

treatment interventions using models of cocaine addiction.  Thus, the fundamental 

question investigated in these studies is whether phenotypic differences in sweet 

preference and substance dependence vulnerability can be used to predict 

pharmacological treatment sensitivity.   

The effects of pharmacological treatments (baclofen, progesterone, 

allopregnanolone, or histamine) were examined between the HiS and LoS rats during the 

following phases: escalation during long access (LgA) to the drug [Experiments 1 

(baclofen) and 3 (progesterone)], including pre- and post-escalation short-access (ShA) 

periods, dose-response assessment, and cocaine-primed reinstatement of extinguished 

drug-seeking behavior [Experiments 2 (baclofen) and 4 (allopregnanolone)].  The last 

experiment investigated the effect of pharmacological treatment of steady-state cocaine 

self administration; specifically, we used a punishment paradigm in which histamine was 

added to the i.v. cocaine self-administration solution (Experiment 5).  Table 7 

summarizes the recent differences in treatment response found between the HiS and LoS 

phenotypes. 

 

 

 



 

23 

 

Table 7  Differences in pharmacological treatment effects between rats selectively 

bred for high (HiS) and low (LoS) saccharin intake 

Behavioral 

Model 

Drug/Reinforcer Treatment Treatment 

Effect 

Reference 

Escalation Cocaine Baclofen LoS>HiS Holtz and Carroll 

(2011)
a
 

Progesterone LoS>HiS Anker et al. 

(2012)
c 

Reinstatement Cocaine Baclofen HiS=LoS Holtz and Carroll 

(2011)
b
 

ALLO HiS>LoS Holtz and Carroll 

(in preparation)
d
 

Fixed and 

Progressive 

Ratio  

Sucrose 

 

Naltrexone HiS=LoS 

 

Gosnell et al. 

(2010) 

Cocaine Histamine LoS>HiS Holtz et al.  

(in preparation)
e
 

ALLO, allopregnanolone; HiS, high saccharin; LoS, low saccharin; a, b, c, d and e correspond 

with Experiments 1,2,3,4 and 5 in this review 

 

General Methods 

Subjects 

A total of 124 HiS and LoS female rats approximately 90–120 days old served as 

subjects in the following experiments.  These rat lines were derived from a selective 

breeding program originating from Occidental College (Los Angeles, CA) that was 

subsequently propagated at the University of Minnesota (Minneapolis, MN).  Rats were 

bred and pair-housed in plastic cages with ad libitum access to rat chow (Purina Mills, 

Minneapolis, MN, USA) and water prior to the experiments.  Phenotypic differences in 

avidity for sweet substances were the primary interest in the these experiments, and HiS 

and LoS females were used exclusively because they display a wider range of saccharin 

intake and other behavioral measures compared to HiS and LoS males (Carroll et al., 
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2008).  After surgical implantation of i.v. cannulae, rats were placed in operant-

conditioning chambers and allowed to recover for 3 days (including the day of surgery).  

The rats remained in the chambers for the duration of the self-administration studies, 

wherein they continued to have free access to water and were fed 16 g of ground food 

(Purina Laboratory Chow) daily following experimental sessions to maintain consistency 

in food intake across subjects.  Following self-administration procedures, animals were 

removed from operant-conditioning chambers and returned to plastic cages for 14 days 

with ad libitum access to food and water.  After this period, saccharin preferring 

phenotypes were confirmed using the saccharin preference test described below (see 

Table 5 for saccharin scores).  Humidity, temperature (21–23 ◦C), and light–dark cycle 

(12–12 h; lights on at 6:00 a.m.) were regulated throughout all housing conditions.  All 

procedures followed guidelines established by the National Research Council (National 

Research Council (U.S.). Committee for the Update of the Guide for the Care and Use of 

Laboratory Animals. et al. 2011) and were approved by the University of Minnesota 

Institutional Animal Care and Use Committee under protocol # 1008A87754.  Animal 

housing and laboratory facilities were accredited by the Association for the Assessment 

and Accreditation of Laboratory Animal Care (AAALAC). 

 

Saccharin Intake Measurement 

Saccharin phenotype scores were derived from a 48-hr, 2-bottle preference test.  

To obtain an estimate of water intake that was not influenced by the availability of 

saccharin in a 2-bottle test, rats only had access to one bottle containing water during the 

first 24-hr period, and water consumption during this period constituted the 24-hr water 
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intake baseline.  Over the next 24 hrs, rats had access to both a water bottle and a bottle 

containing a 0.1% (w/v) saccharin solution.  This was to allow free choice of saccharin 

intake that was not influenced by thirst, and saccharin consumption over this period 

constituted the 24-hr saccharin intake measure.  The following equation illustrates how a 

saccharin phenotype score is derived from these measures: 

Saccharin phenotype score= 

24-hr saccharin intake (mL) — 24-hr water intake (mL) 

Body weight (g) x 100 

 

Saccharin intake less baseline water intake is divided by the animal’s body weight to 

account for differences in overall fluid intake mediated by factors that determine animal 

weight, such as sex and age.  A positive score indicates a preference for saccharin, a 

negative score indicated a saccharin aversion, and a score of zero indicated no preference. 

 

Apparatus 

Cocaine Self-Administration 

Following surgery and throughout the experiment, rats were individually housed 

in custom-made octagonal operant conditioning chambers with alternating Plexiglas and 

stainless steel walls.  Every operant chamber had an active lever and an inactive (control) 

lever.  Above each lever (Coulborn Instruments, Lehigh Valley, PA) there were 

corresponding 4.6-W, tri-colored (red, green, yellow) stimulus lights, and one white 4.6-

W house light was positioned at the top of the chamber to signal the start of session.  A 
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press on the active lever resulted in the intravenous delivery of cocaine solution and the 

illumination of the stimulus light directly above the lever for the duration of the infusion.  

A press on the inactive lever resulted in the illumination of the stimulus light directly 

above that lever but had no further consequences.  Special inserts in the chamber walls 

allowed access to a food receptacle and a drinking spout.  All operant chambers were 

enclosed in melamine-coated, wooden, sound-attenuating boxes that included a fan for 

ventilation.  During the experimental sessions, response-contingent cocaine infusions 

were delivered by an infusion system consisting of a syringe pump (PHM-100; Med 

Associates, St. Albans, VT) and a 30-mL syringe with a blunted 22-gauge needle.  The 

syringe was connected to a swivel (050-0022, Alice King Chatham, Hawthorne, CA) that 

was attached to the top of the operant chamber via Tygon tubing line (1.52 mm o.d., 0.52 

mm i.d.; Fischer Scientific, Springfield, NJ).  The swivel was connected to a tether 

(C31CS; Plastics One, Roanoke, VA), enclosed in a protective metal spring that extended 

into the operant chamber, and attached to a cannula affixed atop an infusion harness 

(Instech Laboratories, Plymouth Meeting, PA).  The infusion harness was placed on the 

rat directly following surgery.  The bottom end of the cannula that extended through 

within the infusion harness connected to an i.v. catheter implanted in the rat’s jugular 

vein.  Programming, data collection, and data storage for all experimental sessions were 

handled by Med-PC software and PCs equipped with a Med-PC interface (Med 

Associates, St. Albans, VT). 
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Drugs 

The cocaine solution (1.6 mg/mL) was prepared by dissolving cocaine HCL 

(National Institute of Drug Abuse, Research Triangle Institute, Research Triangle Park, 

NC) in sterile saline (0.9% NaCl) and adding heparin (5 USP units/mL) to prevent 

catheter thrombus formation.  The cocaine infusion rate was 0.025 mL/s, and the solution 

was dispensed at an interval of 1 s/100 g body weight resulting in 0.4 mg/kg per infusion 

(i.v.) for all fixed-ratio (FR1) experimental components, except where noted.  Baclofen 

(Sigma Aldrich, St. Louis, MO) was dissolved in saline and administered at a dose of 2.5 

mg/kg (i.p.).  Equivalent volumes of saline (0.9% NaCl) were administered as a control 

injection for baclofen.  Progesterone (0.5 mg/kg, Sigma Aldrich) and allopregnanolone 

(15 mg/kg, Sigma Aldrich) were dissolved in peanut oil and delivered subcutaneously.  

Equivalent volumes of peanut oil were administered subcutaneously as control injections 

for progesterone and allopregnanolone.  Histamine dihydrochloride (16 mg/mL, Sigma 

Aldrich) was dissolved directly into the 1.6 mg/mL cocaine solution and delivered at a 

dose of 4 mg/kg/infusion (i.v.).  Baclofen, allopregnanolone, progesterone doses in the 

present experiments were chosen because they have previously revealed optimal 

individual differences in treatment effects (Anker et al. 2009a; Anker et al. 2007; 

Campbell et al. 2002).  The histamine dose was chosen based on unpublished pilot data 

from our laboratory that established dose-response functions of histamine punishment on 

cocaine self-administration. 
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Procedures 

Surgery 

Rats were anesthetized with i.p. injections of both ketamine (60 mg/kg) and 

xylazine (10 mg/kg).  Atropine (0.15 mL/rat i.p.) and doxapram (5 mg/kg i.p.) were also 

administered to prevent bradycardia and to assist respiration.  The surgical procedure 

involved implanting one end of a polyurethane catheter in the rat’s right jugular vein and 

subcutaneously tunneling the other end dorsally before exiting through a medial incision 

approximately 1 cm rostral to the scapulae.  The free end of the catheter was connected to 

the bottom of a cannula embedded in the infusion harness which remained capped off 

throughout the 3-day post surgical recovery period in which the animals were housed in 

their operant conditioning chambers.  Over the recovery period, 4 total subcutaneous 

injections of buprenorphine (0.05 mg/kg) were administered approximately every 12-h 

for analgesia along with heparinized saline (20 USP units/mL, 0.3 mL/rat) and 

gentamicin (2 mg/kg i.v.) to prevent catheter occlusion and infection.  The same dose of 

heparinized saline was administered daily 15-min prior to experimental sessions to 

further ensure catheter patency.  Animals were weighed and catheter patency was 

assessed weekly with a combination of ketamine (100 mg/mL), midazolam (5 mg/mL), 

and saline (3:3:14 ratio, 0.10 mL/rat).  Patency was established by loss of the righting 

reflex following injection of this combination.  If catheters were not patent, a second 

catheter was implanted in the left jugular vein following the surgical procedures 

described above, and the rat was again allowed to recover for 3 days before resuming 

experimental sessions. 
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Cocaine self-administration training 

Rats were trained to self-administer cocaine infusions 3 days following surgery 

under a fixed ratio-1 (FR 1) schedule of reinforcement.  At the beginning of every daily 

2-h training session (9:00 a.m. to 11:00 a.m.), rats were given 3 non-contingent cocaine 

infusions and the left, active (cocaine-associated) lever was baited with a small amount of 

peanut butter (0.5-1.0 g).  Rats were considered to have acquired cocaine self-

administration when they administered ≥ 25 infusions for 3 consecutive days without 

priming infusions or peanut butter, and they were required to have an active to inactive 

(right) lever response ratio of at least 2:1.  The ratio requirement was established to 

confirm drug-seeking behavior as opposed to non-drug conditioned reinforcement (i.e., 

responding for stimulus lights) or incidental lever responses due to cocaine-induced 

locomotor activity. 

 

Escalation of cocaine self-administration 

Following self-administration training, rats were allowed to self-administer 

cocaine under an FR 1 schedule for 3 sessions from 9:00 a.m. to 11:00 a.m. (short-access 

period, ShA) to establish baseline rates of stable responding (no increasing or decreasing 

trend) prior to the long-access (LgA) phase. 

 Next, rats self-administered cocaine under an FR 1 schedule for 21 consecutive 

days (Experiments 1 and 3), during which session length was increased to 6 h (9:00 a.m. 

to 3:00 p.m.).  On the first day of LgA, rats were randomly assigned within each 
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phenotype group to receive either treatment (baclofen, Experiment 1; progesterone 

Experiment 3) or control injections at 8:30 a.m. before every session.   

  To investigate the effects of treatment and phenotype differences during extended 

access on ShA intake, pre-session treatment and control injections were discontinued, and 

session length was returned to 2 h (9:00 a.m. to 11:00 a.m.) for 3 days following LgA.  

  

Maintenance, extinction, and reinstatement of cocaine-seeking behavior 

Following self-administration training described above, rats began a maintenance 

period (Experiments 2 and 4) in which they self-administered cocaine under an FR 1 

schedule for 14 daily 2-h sessions (9:00 a.m. to 11:00 a.m.). 

 Following the maintenance phase, a 21-day extinction phase began where the 

same procedure described in the maintenance phase was followed with the exception that 

cocaine was replaced with saline.  After the extinction period, a 3-day pre-reinstatement 

phase began in which the house light and lever-paired lights were unplugged and 

remained unplugged for the remainder of the experiment. 

 The effects of baclofen (Experiment 2) and allopregnanolone (Experiment 4) 

pretreatment on the reinstatement of cocaine-seeking behavior were investigated during 

daily 2-h sessions (9:00 a.m.-11:00 a.m.) over a 13-day period.  Treatment or control 

injections were administered one-half hour before session, and 3 doses of cocaine (C) 

priming injections were administered (C; 5, 10, or 15 mg/kg, presented in random order) 

at the beginning of successive sessions that were separated by a session when saline or 
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vehicle priming injections were given.  Each dose of cocaine was administered twice for 

each animal; once following control injections and once following pretreatment.  During 

the cocaine-priming sessions, animals received control injections one-half hour before 

and saline again at the onset of session.  There was also an additional session in which 

animals received treatment injections 30-min prior to session onset and saline priming 

injections. 

 

Experiment 1: Effects of baclofen on the escalation (bingeing) of i.v. 

cocaine self-administration in HiS and LoS rats 

Background 

 The escalation model is invaluable for understanding one of the most important 

aspects of addiction, yet only a few studies have addressed the use of treatment agents 

during this phase (e.g., Hansen and Mark 2007; Specio et al. 2008), and none have 

evaluated individual differences using selectively bred animals with varying potential to 

develop cocaine-seeking behavior.  Therefore, in this study, HiS and LoS rats were 

compared on escalation of cocaine intake while treated with a pharmacological 

intervention, baclofen, a potent agonist at the GABAB receptor that has been used to treat 

alcohol and cocaine dependence (for review, see Karila et al. 2008; Leggio et al. 2010; 

Roberts 2005; Smith et al. 2004).  In rats, baclofen dose-dependently attenuated discrete 

contextual cue- and cocaine-primed reinstatement (Campbell et al. 1999; Filip and 

Frankowska 2007), cocaine sensitization (Frankowska et al. 2009), maintenance of i.v. 

cocaine self-administration (Campbell et al. 1999), and cocaine-induced dopamine 

release in the nucleus accumbens (Fadda et al. 2003).  In another study, baclofen 
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pretreatment reduced the reinstatement of cocaine-primed behavior in baboons (Weerts et 

al. 2007).   

 In contrast, the effectiveness of baclofen in human populations has been mixed.  

In a preliminary open-label trial, baclofen reduced cocaine craving and use compared to 

placebo (Ling et al. 1998).  In another study baclofen reduced cocaine self-

administration, but it failed to alter cocaine’s positive subjective effects in non-opioid 

dependent volunteers (Haney et al. 2006).  Despite the mainly promising results of these 

earlier studies, a more recent multi-site, double-blind trial failed to show an effect of 

baclofen on self-reported abstinence or negative urine screens compared to placebo in 

individuals suffering from severe cocaine addiction (Kahn et al. 2009).  One possible 

reason for incongruent results from experiments that test treatment drugs for stimulant 

addiction, like baclofen, is that treatment sensitivity may be genetically-mediated.  

 

Methods 

Subjects 

Thirty five experimentally naïve adult female rats selectively bred at the 

University of Minnesota (Carroll et al. 2002) from Occidental HiS and LoS lines 

(Occidental College, Los Angeles, CA) were used in Experiment 1.   

Procedure 

Rats underwent the experimental procedures for cocaine self-administration 

training and escalation described in the General Methods section.  HiS and LoS rats were 
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treated with either baclofen [HiS+B (n = 8) or LoS+B (n = 9), respectively] or saline 

[HiS+S (n = 8) or LoS+S (n = 10), respectively] once daily 30-min prior to LgA sessions. 

Data Analysis 

Cocaine infusions and responses on the infusion-paired lever served as the 

dependent measures for the LgA and ShA periods.  Responses and infusions earned 

during LgA were averaged into 3 blocks of 7 days and were subsequently analyzed using 

three-way mixed factor analyses of variance (ANOVA; treatment×phenotype×block) 

with block as a repeated measure.  Three-way, repeated measures ANOVA 

(treatment×phenotype×phase) were used to analyze comparisons of the 3-day average of 

infusions self-administered during the pre- and post-ShA periods for the HiS and LoS 

groups.  The mean number of days to reach acquisition criteria was compared using a 

two-way ANOVA (treatment×phenotype).  All post hoc analyses were made using 

Fischer’s least-significant-difference t tests.  Results were considered significant if p < 

0.05.  All statistical analyses were performed with GB Stat software (Dynamic 

Microsystems, Silver Spring, MD). 

 

Results 

LgA Phase 

There were significant main effects of phenotype, (F1, 30 = 10.581, p < .01) and 

block, (F2, 60 = 6.785, p < .01) in responses during this phase.  There were also significant 

interactions between phenotype and treatment, (F1, 68 = 12.421, p < .005) as well as 

treatment and block, (F2, 60 = 7.714, p < .005).  Post hoc comparisons indicated that 
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LoS+Sal responses were greater than the LoS+B group across all 7-day blocks (p < .01; 

response data not shown).  The first 7-day block of responses for the HiS+B group was 

significantly less than the second (p < .01) and third 7-day blocks (p < .01) for that same 

group.  The second 7-day block of responses for the HiS+B group were also significantly 

less (p < .01) than the third block of responses for that group.  The third 7-day block of 

responses for the HiS+B group were significantly greater than the HiS+Sal group (p < 

.01), while There were no significant differences in responses made between the HiS+Sal 

and LoS+Sal groups across any of the 7-day blocks. 

 Figure 1 shows the mean (± SEM) number of cocaine infusions (0.4 mg/kg) under 

a FR 1 schedule of reinforcement for each daily session (6 h/day) during LgA (for LoS 

(a) and HiS (b) groups).  On day 1 of LgA mean infusions ranged from 34 to 108 

infusions per 6-h session across the four groups.  The HiS+Sal and the LoS+B groups 

increased by 28% and 49%, respectively; whereas, the cocaine infusions self-

administered for the HiS+B group increased 113% by the last day of LgA.  There were 

significant main effects of treatment, (F1, 29 = 2.11, p < .01), and block, (F1, 30 = 10.58, p < 

.01).  There were also significant interactions in infusions between phenotype and 

treatment, (F1, 66 = 6.93, p < .02), block and phenotype, (F2, 58 = 4.45, p < .02), as well as 

block and treatment, (F2, 58 = 3.79, p < 0.03).  Post hoc comparisons showed that the 

LoS+B group earned significantly fewer infusions than the LoS+Sal group across all 7-

day blocks (p < .01, Figure 1a).  The LoS+Sal group did not increase infusions when 

comparing block 1 with block 3 (Figure 1a).  Post hoc comparisons also showed that the 

HiS+B group showed a significant increase (escalation) in the number of cocaine 

infusions from the first block of 7 days to the last (p < .01), and during the last block of 7 
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days (Figure 1b), the HiS+B group self-administered significantly more cocaine infusions 

compared to the HiS+Sal group (p < 0.01).  Baclofen treatment was associated with 

escalation of cocaine intake in the HiS group and overall attenuation of cocaine self-

administration in the LoS group.  The HiS phenotype was associated with greater cocaine 

intake in the last block of LgA compared to the LoS phenotype. 

 

 

Figure 1  Panels A and B show infusions self-administered by the LoS and HiS rats 

(respectively) each day throughout the LgA (6-h sessions) period.  Open circles represent 

the saline-treated LoS rats (LoS+Sal) and filled circles indicate baclofen-treated LoS rats 

(LoS+B). Open triangles represent the saline treated HiS rats and filled triangles indicate 

baclofen (B)-treated HiS rats.  The * indicates that there was a significant difference in 

infusions between treatment groups (p < .05) for the HiS (HiS+B > HiS+Sal) in last 7-

day interval and throughout all 3 7-day intervals for the LoS rats (LoS+Sal > LoS+B).  

Infusions earned by the HiS+B group were significantly higher during the last 7-day 

block than the first and second blocks (p < .05), as indicated by the †.  Reprinted with 

permission from: Holtz NA, Carroll ME (2011) Baclofen has opposite effects on escalation of cocaine self-

administration: increased intake in rats selectively bred for high (HiS) saccharin intake and decreased 

intake in those selected for low (LoS) saccharin intake. Pharmacol Biochem Behav 100: 275-83 (Figure 1, 

pg. 279) 
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 Figure 2 shows that the LoS+Sal group also self-administered fewer cocaine 

infusions during the last 7-day block compared to the HiS+Sal group (p < 0.05); 

however, there were no significant differences between these groups for the first and 

second block of 7 days.  There were no significant differences in inactive lever responses 

across groups during the LgA phase. 

 

Figure 2  Mean (±SEM) cocaine infusions are presented for the LoS+Sal (open circles) 

and HiS+Sal groups (open triangles) during the LgA (6-h sessions) period.  The * 

indicates that there was a significant difference in infusions between groups (HiS+Sal > 

LoS+Sal) in the last 7-day interval (p < .05).  Reprinted with permission from: Holtz NA, Carroll 

ME (2011) Baclofen has opposite effects on escalation of cocaine self-administration: increased intake in 

rats selectively bred for high (HiS) saccharin intake and decreased intake in those selected for low (LoS) 

saccharin intake. Pharmacol Biochem Behav 100: 275-83 (Figure 2, pg. 279) 
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ShA cocaine self-administration pre- versus post- LgA    

 Figure 3 shows the mean (± SEM) cocaine infusions self-administered by all 

groups during the ShA phases before and after the LgA period.  There was a main effect 

of phenotype, (F1,31 = 13.23, p < .01) and significant interactions between 

phenotype×treatment, (F1,31 = 4.55, p < .05) as well phenotype×phase (pre- or post-LgA) 

(F1,31 = 13.25, p < .005).  Post hoc comparisons showed no significant differences in 

infusions administered between any of the groups during the pre-LgA phase.  The HiS+B 

group showed a significant difference in infusions when comparing the pre-LgA and 

post-LgA phases (p < .05).  Specifically, the HiS+B group earned more infusions during 

the post-LgA phase vs. pre-LgA. 

 

Figure 3  Mean (±SEM) cocaine infusions are presented for the 4 experimental groups, 

HiS+Sal (filled bar), HiS+B (open bar), LoS+Sal (gray bar), and LoS+B (hatched bar) 

during ShA (2-h sessions) pre- (left) and post-LgA (right). The * indicates a significant 

increase (p < .01) of cocaine infusions self–administered for the HiS+B group between 

pre-LgA and post-LgA. Reprinted with permission from: Holtz NA, Carroll ME (2011) Baclofen has 

opposite effects on escalation of cocaine self-administration: increased intake in rats selectively bred for 

high (HiS) saccharin intake and decreased intake in those selected for low (LoS) saccharin intake. 

Pharmacol Biochem Behav 100: 275-83 (Figure 3, pg. 279)   
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Discussion 

The purpose of Experiment 1 was to examine the effects of baclofen treatment on 

the escalation of cocaine-seeking behavior in HiS and LoS rats.  With a procedure 

modified from Ahmed and Koob (Ahmed and Koob 1998; 1999) and previously used in 

our laboratory (for review, see Carroll et al. 2009), we showed that baclofen potentiated 

the escalation of cocaine-seeking in HiS rats and decreased responding in the non-

escalating LoS rats throughout LgA.  Also, when comparing within-subject infusions 

earned between ShA periods pre- and post-LgA, only the HiS+B group increased intake.  

While the HiS+Sal group administered more cocaine during the last 7 days of the LgA 

phase compared to the LoS+Sal group, neither group escalated intake during this phase.  

This finding is inconsistent with a previous study in which HiS and LoS rats escalated 

their intake over a 21-day period (Perry et al. 2006).  However, in the previous study, 12-

h (vs. 6-h) sessions were used.  Six-hour sessions were chosen in Experiment 1 because 

we have previously found this length to be appropriate for determining treatment effects 

(Larson et al. 2007).  Further, baclofen is rapidly metabolized (Wuis et al. 1990), and 

supplemental injections necessitated by 12-h sessions may have disrupted the experiment 

and introduced stress or other confounds.  It is important to note that the principal aim of 

this experiment was not to replicate the findings of Perry et al. (2006), but to provide a 

setting to examine differential treatment effects.  Consequently, we demonstrated that 

baclofen treatment exaggerated the latent traits of high- and low-vulnerable animals 

under conditions that otherwise engender marginal phenotypic differences in cocaine 

intake.  This novel finding is an initial step that needs further study, such as investigating 
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the effects of baclofen on HiS and LoS rats with longer access conditions and over 

protracted periods. 

Additionally, it is important to note that baclofen and other GABA receptor 

agonists can decrease the elevated locomotor activity associated with cocaine use 

(Frankowska et al. 2009).  Thus, the differential treatment sensitivity between the HiS 

and LoS rats during escalation may have been due to genetic variability in baclofen’s 

effects on cocaine-induced locomotor activity.  However, there were no differences in 

inactive lever pressing during this phase, suggesting similar locomotor activity between 

the groups.  Further, previous studies have shown no effect of baclofen on food-

maintained lever responding up to two times the dose use in the present study (Brebner et 

al. 2000; Roberts and Andrews 1997), suggesting that 2.5 mg/kg baclofen is unlikely to 

elicit differential rate-decreasing effects in locomotor activity between the HiS and LoS 

rats.   

One interpretation of the differential effects of baclofen on LgA responding 

between the lines relates to the inhibitive action of baclofen on the mesolimbic dopamine 

reward system through GABAB agonist activity.  The rewarding effects of cocaine are 

primarily attributed to its inhibition of the dopamine transporter and consequent increase 

in synaptic dopamine (Ritz et al. 1987).  The elevated proclivity for cocaine self-

administration in the HiS rats may have driven them to surmount the inhibitory effects of 

baclofen on this increase in dopamine by self-administering more cocaine.  Such an 

increase in intake in the HiS+B rats, compared to the HiS+Sal rats, may have potentiated 

the upward shift of hedonic set points, a process proposed to be fundamental in the 
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transition from regulated drug use to binge-patterns and addiction (Koob and Kreek 

2007).  This concept is supported by the finding that only HiS+B rats showed an increase 

in post-LgA responding when treatment was discontinued compared to HiS+Sal rats, 

reflecting a potential deviation from baseline reward functioning.  To further investigate 

this phenomenon, baseline intracranial self-stimulation reward thresholds between the 

phenotypes could be compared to thresholds following chronic baclofen treatment. 

The genetically-determined neurobiological differences between the HiS and LoS 

rats and their contribution to the differential drug-seeking and treatment sensitivity 

patterns in the present and previous studies are not yet well understood.  One possible 

explanation for the effective attenuation of cocaine self-administration throughout the 

LgA period in the LoS rats but not HiS rats could be attributed, in part, to a differential 

functionality or distribution of GABAergic neurons, thus the variable inhibitory action of 

baclofen on cocaine reinforcement.  Future studies more directly investigating variations 

in GABAergic functioning is necessary to better characterize the behavioral differences 

seen in these lines, such as using in vivo microdialysis to quantify GABA and dopamine 

in mesolimbic areas during chronic baclofen and cocaine treatment in the HiS and LoS 

animals.  Such data could have translational impact, as a recent study has shown that a 

GABA receptor polymorphism is associated with variance in cocaine dependence in 

humans (Smelson et al. 2012).  

These results may provide valuable insight into the current lack of available 

treatment drugs for cocaine addiction and for preventing one of its most critical phases, 

escalation.  Future genetic investigations into the HiS and LoS lines could inform recent 
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pharmacogenetic research into treatment agents for stimulant abuse (Haile and Kosten 

2009).  Data may point to homologous human genetic markers indicative of phenotypic 

vulnerability differences, potentially resulting in more informative clinical trials.  For 

instance, recent efforts in alcoholism research have suggested that genes encoding for 

GABA receptor subtypes are possible areas of focus.  Ooteman et al. (2009) showed that 

alcoholics with a polymorphism in the GABRA6 gene displayed greater reduction in 

craving with acamprosate treatment, a drug that facilitates GABAA transmission and 

reduces alcohol intake (McNeely and Sherman 2011).  The opposite effects of baclofen in 

HiS vs. LoS rats may explain the relatively small effect of baclofen in human cocaine 

addicts, as it might be expected that the recruited participants had considerable genetic 

diversity.   

The findings in our HiS rats in Experiment 1 are in contrast to results of other 

experiments that have largely been successful in reducing drug intake in pharmacological 

interventions during escalation on outbred rats.  For example, Specio et al. (2008) showed 

that corticotropin-releasing factor antagonists blocked the escalation of cocaine self-

administration under periods of extended access.  Hansen and Mark (2007) found similar 

results with the nicotinic acetylcholine receptor antagonist, mecamylamine.  However, 

the application of a mutant albumin-butyrylcholinesterase in rats potentiated responding 

for cocaine during the first 4 days of extended access (Carroll et al. 2010).  Experiments 

investigating pharmacological treatments using an animal model of escalation may 

produce more informative results if high- and low-vulnerability lines are included.  
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Experiment 2: Effects of baclofen on the reinstatement of cocaine 

seeking (relapse) in HiS and LoS rats 

Background 

Similar to the escalation model, reinstatement (relapse) is a phase of human drug 

addiction that has yielded individual differences in responding.  For example, female (vs. 

male) rats (Lynch and Carroll 2000), rats screened for high (vs. low) measures of 

impulsivity using a delay discounting procedure (Perry et al. 2008), HiS (vs. LoS) rats 

(Perry et al. 2006), and rats selected for high (HiR) vs. low (LoR) wheel running (Larson 

and Carroll 2005) showed elevated reinstatement of cocaine-seeking behavior.  Also, like 

escalation, reinstatement models a critical phase of human drug addiction in which 

individual differences in drug-abuse vulnerability have not been compared with respect to 

treatment sensitivity.  Thus, the aim of experiment 2 was to extend the findings of 

experiment 1 to the reinstatement model.  We hypothesized that baclofen would attenuate 

cocaine-primed reinstatement responding more in LoS vs. HiS animals. 

 

Methods 

Subjects 

Twenty-seven experimentally naïve adult female rats selectively bred at the 

University of Minnesota (Carroll et al. 2002) from Occidental HiS and LoS lines 

(Occidental College, Los Angeles, CA) were used in Experiment 2.   
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Procedure 

Rats underwent the experimental procedures for cocaine self-administration 

training, maintenance, extinction and reinstatement described in the General Methods 

section.  HiS (n = 14) and LoS (n = 13) rats were treated with baclofen or saline once 

daily 30-min prior to session onset, and priming injections were administered as 

described above. 

 

Data Analysis 

Dependent measures were the mean number of lever presses made during 

maintenance, extinction, and reinstatement.  For maintenance and extinction, mean 

responses were analyzed using a two-way, mixed factorial ANOVA (phenotype×day) 

with day as a repeated measure.  Cocaine infusions achieved during maintenance were 

also examined using a two-way, mixed factorial ANOVA (phenotype×day) with day as 

the repeated measure.  For reinstatement, mean responses were analyzed using a three-

way, mixed factorial ANOVA (phenotype×pretreatment×cocaine dose) with cocaine dose 

being a repeated measure.  As detailed below, they were subsequently analyzed with a 

two-way, mixed factorial ANOVA (pretreatment×cocaine dose) with pretreatment being 

a repeated measure.  All post hoc analyses were made using Fischer’s least-significant-

difference t tests.  Results were considered significant if p < 0.05.  All statistical analyses 

were performed with GB Stat software (Dynamic Microsystems, Silver Spring, MD). 
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Results 

Maintenance 

 Figure 4a shows the mean responses made (± SEM) on the cocaine-paired lever 

during the maintenance phase.  There was a significant main effect of phenotype, (F1, 403 

= 10.72, p < .05), and an interaction between phenotype and day, (F13, 403 = 8.42, p < 

.05).  Post hoc analysis revealed that the HiS group made significantly more responses 

than the LoS group during days 3, 5, 7, and 9-14 (p < .05).  Figure 4b shows the mean 

infusions self-administered (± SEM) during maintenance.  There was a significant main 

effect of phenotype, (F1, 403 = 11.89, p < .01), and an interaction between phenotype and 

day, (F13, 403 = 9.09, p < .05), with more infusions in days 3, 5, 9, 10, and 12-14 (p < .05). 

 

Figure 4  Mean (±SEM) cocaine-paired lever responses (left panel) and cocaine infusions 

self-administered (right panel) are presented for the 2 experimental groups, HiS (filled 

circles), and LoS (open circles) during the maintenance phase.  The * indicates that the 

HiS group made more responses or self-administered more cocaine infusions than the 

LoS group on that day (p < .05).  Reprinted with permission from: Holtz NA, Carroll ME (2011) 

Baclofen has opposite effects on escalation of cocaine self-administration: increased intake in rats 

selectively bred for high (HiS) saccharin intake and decreased intake in those selected for low (LoS) 

saccharin intake. Pharmacol Biochem Behav 100: 275-83 (Figure 4, pg. 280)   
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Extinction 

Figure 5 shows the mean responses (± SEM) on the lever previously paired with 

cocaine during the extinction phase when saline was replaced with cocaine.  There were 

no significant phenotype differences in responding during this phase. 

 

 

Figure 5  Mean (±SEM) responses on the previously cocaine-paired lever are presented 

for the 2 experimental groups, HiS (filled circles), and LoS (open circles) during the 

extinction phase.  There were no significant differences between groups during this 

phase.  Reprinted with permission from: Holtz NA, Carroll ME (2011) Baclofen has opposite effects on 

escalation of cocaine self-administration: increased intake in rats selectively bred for high (HiS) saccharin 

intake and decreased intake in those selected for low (LoS) saccharin intake. Pharmacol Biochem Behav 

100: 275-83 (Figure 5, pg. 280)   
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Reinstatement 

 Figure 6 shows responses (± SEM) on the lever previously paired with cocaine 

during the reinstatement phase.  These responses were originally analyzed with a three-

way, mixed factorial ANOVA (phenotype×pretreatment×cocaine dose); however, no 

significant three-way interaction was found.  Responses were then combined between the 

HiS and LoS rats and analyzed using a two-way, mixed factorial ANOVA 

(pretreatment×cocaine dose).  There were significant main effects of treatment (F1, 162 = 

15.72, p < .001), dose (F3, 156 = 10.45, p < .001), and a significant interaction between 

treatment and dose (F3, 156 = 4.18, p < .01).  Post hoc analyses showed that rats receiving 

5, 10, and 15 mg/kg cocaine priming injections following vehicle pretreatment had 

significantly more responses than when they received a saline priming injection 

following vehicle pretreatment, (p < .01).  Rats made significantly fewer responses when 

they were pretreated with baclofen compared with vehicle following the 5 (p < .05), 10 (p 

< .01), and 15 (p < .01) mg/kg cocaine doses.  When administered alone as a priming 

injection, baclofen did not induce significantly more responding than after saline priming 

injections, nor where there phenotype differences in these conditions. 
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Figure 6  Responses made on the previously cocaine-paired lever were combined 

between groups as indicated by the bars during the reinstatement phase.  The *  indicates 

a significant (p < .05)  difference between the 5, 10, and 15 mg/kg dose priming 

injections that were preceded by Sal injections and saline priming injections that were  

preceded by Sal treatment.  The @ indicates a significant (p < .05) difference between the 

5, 10, and 15 mg/kg dose cocaine priming injections preceded by Sal treatment and the 

corresponding 5, 10, and 15 mg/kg dose cocaine priming injections preceded by B 

treatment.  Reprinted with permission from: Holtz NA, Carroll ME (2011) Baclofen has opposite effects 

on escalation of cocaine self-administration: increased intake in rats selectively bred for high (HiS) 

saccharin intake and decreased intake in those selected for low (LoS) saccharin intake. Pharmacol 

Biochem Behav 100: 275-83 (Figure 6, pg. 280)   

 

Discussion 

The results from Experiment 2 show that baclofen attenuated cocaine-primed 

reinstatement of drug-seeking behavior equally well in both the HiS and LoS lines.  

However, there were no differences between the phenotypes in reinstatement responding 

following cocaine priming injections preceded by saline.  It is noteworthy that this result 
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does not concur with Perry et al. (2006), in which HiS rats responded more than LoS rats 

during extinction and following a 15 mg/kg cocaine injection.  Repeated exposure to the 

same cocaine dose in the present experiment may have produced a floor effect and 

obscured phenotype differences in responding following cocaine-priming injections.  

Further, in the Perry et al. (2006) study there were 10 days of maintenance and 14 days of 

extinction compared to 14 days of maintenance and 21 days of extinction used in the 

present study.  This extended protocol was used because Anker et al. (2009a) found 

individual (sex) differences in treatment effects during cocaine-primed reinstatement 

using a similar design.  However, it is possible that differences in cocaine-primed 

reinstatement and baclofen treatment effects might exist under different reinstatement 

conditions that may reduce the occurrence of floor effects.  These issues could be 

addressed through future work investigating a range of treatment doses. 

The attenuating effects of baclofen on cocaine-induced reinstatement of drug-

seeking in both the HiS and LoS rats corroborates previous research investigating 

baclofen’s effects on the rodent model of relapse (Campbell et al. 1999; Filip and 

Frankowska 2007).  In contrast to its differential effects on LgA responding (Experiment 

1), baclofen attenuated cocaine-primed reinstatement in both the HiS and LoS animals 

during the reinstatement condition, supporting its efficacy in preventing relapse.  The 

differential results between the LgA and reinstatement paradigms may be because 

intermittent baclofen and cocaine injections were acutely administered at much lower 

overall doses during reinstatement (Experiment 2), while cocaine and baclofen were 

chronically administered throughout the LgA phase of Experiment 1.  These results 

illustrate the importance of considering acute vs. chronic treatment effects.  Also, it is 
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possible that the animal model of escalation is more sensitive to divergent treatment 

effects compared to reinstatement due to the large amounts of cocaine that are consumed 

(e.g., a rate-dependent effect).  For example, extended access to drugs provides an 

opportunity for the animal to attempt surmounting baclofen’s effects on self-

administration (e.g., HiS escalation of cocaine intake), while during reinstatement the 

total cocaine dose is smaller and not controlled by the animal.  Phenotype differences 

may be subtle and more or less sensitive to different behavioral assays.  Further 

translational research comparing the two phases with regard to treatment sensitivity and 

individual differences may support the utility of investigating the efficacy of 

pharmacological agents during escalation.  

  

Experiment 3: Effects of progesterone on the escalation (bingeing) of i.v. 

cocaine self administration in HiS and LoS rats 

Background 

Female rats (Roth and Carroll 2004) and monkeys (Carroll et al. 2005) escalate 

drug intake more than males, and escalation is a defining factor in the progression toward 

drug abuse in humans (Ahmed et al. 2002).  Preclinical and clinical work indicate that 

this difference between sexes is largely attributable to the gonadal hormones estrogen and 

progesterone (Anker and Carroll 2010b; 2011b; Carroll and Anker 2010; Carroll et al. 

2004), as estrogen enhanced, and progesterone inhibited the escalation of cocaine self-

administration in female rats (Larson et al. 2007).  In clinical studies with women, 

estrogen was associated with increased cocaine-induced positive subjective effects 

(Evans et al. 2002; Sofuoglu et al. 1999); whereas, pretreatment with progesterone 
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attenuated these responses (Evans and Foltin 2006; Sofuoglu et al. 2002; Sofuoglu et al. 

1999; Sofuoglu et al. 2004). 

Given the possible therapeutic value of progesterone during bingeing phases of 

drug abuse, the extent to which it may reduce escalation in an animal model of cocaine 

intake warrants investigation.  Thus, the purpose of Experiment 3 was to compare the 

effects of systemic progesterone on the escalation of i.v. cocaine self-administration in 

the HiS and LoS rats that differ widely in drug abuse vulnerability and motivation to seek 

drugs of abuse (Carroll et al. 2008).  In light of the results in Experiment 1, we expected 

that progesterone would reduce cocaine self-administration in LoS rats but not HiS rats. 

 

Methods 

Subjects 

Thirty-four experimentally naive adult female rats, selectively bred at the 

University of Minnesota from Occidental HiS and LoS lines (Occidental College, Los 

Angeles, California, USA), served as subjects in this study. 

 

Procedure 

The procedures for this escalation experiment where modified from those 

described in the General Methods section.  Rats were trained to self-administer cocaine 

(0.8 mg/kg/infusion) under an FR1 schedule of reinforcement during 2-h sessions daily.  

Throughout training and the rest of the experiment, HiS and LoS rats received 

subcutaneous injections of either progesterone [HiS P (progesterone-treated), n = 9; LoS 
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P, n = 7] or vehicle [peanut oil; HiS VEH (vehicle-treated), n = 9; LoS VEH, n = 9] 30 

min before each session.  Rats were studied for a total of approximately 50 days.  The 

estrous cycle was not controlled in the present experiment, as previous work has shown 

that cocaine, when self-administered under the LgA conditions of the present study, 

disrupts the cycle phase (Larson et al. 2007).  Once rats acquired stable cocaine self-

administration at 0.8 mg/kg/infusion of cocaine, they were allowed to self-administer 

each of three doses of cocaine that were given in mixed order (0.2, 0.4, and 1.6 

mg/kg/infusion) for three sessions of stable responding.  The session length was then 

extended to 6 h (LgA; 09:00–15:00 h) for 21 days, and subsequently, cocaine intake was 

reassessed under the ShA dose–response condition (0.2, 0.4, 0.8, and 1.6 

mg/kg/infusion). 

 

Data Analysis 

Responses and infusions served as the primary dependent measures.  Responses 

and infusions during LgA were averaged into seven blocks of 3 days each and analyzed 

using three-factor repeated-measures analyses of variance (ANOVA) with phenotype 

(LoS vs. HiS) and treatment (progesterone vs. vehicle) as the between-group factors, and 

day (LgA) as the repeated measure.  The number of responses and infusions during the 

pre-LgA and post-LgA dose–response conditions was analyzed with separate three-factor 

repeated-measures ANOVA with phenotype and treatment as the between-subject factors, 

and dose as the repeated measure.  Additional three-factor, repeated measures ANOVAs 

with phenotype as the between-subject factor, and dose and access condition (pre-LgA 
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vs. post-LgA) as repeated measures were conducted.  After a significant main effect, 

post-hoc tests were conducted using Fisher’s least significant difference protected t-tests.  

Statistical analyses were conducted using GB Stat (Dynamic Microsystems Inc., Silver 

Spring, Maryland, USA). 

 

Results 

Pre-long-access dose–response condition 

There were no significant effects of treatment (progesterone vs. vehicle) on 

cocaine-maintained responses or cocaine infusions during the pre-LgA dose–response 

condition; however, HiS rats had more responses (F1, 135 = 8.43, p < 0.01) (not shown) 

and infusions (F1,135 = 8.67, p < 0.01) (Figure 7c and d vs. Figure 7a and b) than LoS rats. 
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Figure 7  Mean (±SEM) cocaine infusions obtained under the pre-LgA and post-LgA 

dose–response conditions for the four groups: (a) LoS VEH; (b) LoS P; (c) HiS VEH; (d) 

HiS P.  #Significant phenotype difference for the respective dose and LgA (pre or post) 

condition (p < 0.05).  *Significant within-subject difference between pre-LgA versus 

post-LgA conditions (p < 0.05).  Reprinted with permission from: Anker JJ, Holtz, NA, Carroll, ME 

(2012) Effects of progesterone on escalation of intravenous cocaine self-administration in rats selectively 

bred for high or low saccharin intake. Behav Pharmacol 23: 205-10 (Figure 1, pg. 207) 

 

 

Long access 

Similar to the pre-LgA condition, there was no significant effect of progesterone 

treatment on cocaine-reinforced lever responses during LgA, but HiS rats had more 

responses than LoS rats (F1, 237 = 7.04,  p < 0.05) (not shown).  For infusions, there was a 

significant main effect of phenotype (F1, 237 = 24.13, p < 0.01) and a significant 

treatment×phenotype×day interaction (F6, 237 = 2.25, p < 0.05).  A subsequent post hoc 



 

54 

 

analysis indicated that both HiS groups (HiS VEH and HiS P) earned significantly more 

infusions during their last 3-day block compared with their first 3-day block (p < 0.05) 

(Figure 8a, b, and d), indicating escalation of cocaine intake. In contrast, LoS rats (LoS 

VEH and LoS P) did not escalate their drug intake (Figure 8a–c).  HiS VEH rats earned 

more infusions than LoS VEH rats during blocks 4–7 (p < 0.05) (Figure 8a), whereas HiS 

P rats earned more cocaine infusions than LoS P across all LgA blocks (p < 0.05) (Figure 

8b).  The HiS P group earned more infusions during blocks 2 and 3 than the HiS VEH 

group (p < 0.05) (Figure 8d).  In contrast, LoS P rats earned significantly fewer cocaine 

infusions than LoS rats treated with the vehicle during blocks 2 and 3 (p < 0.05) (Figure 

8c). 
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Figure 8  Mean (±SEM) cocaine infusions (0.4mg/kg) are presented for each day of the 

LgA phase (6 h). (a–d) Horizontal lines indicate the 3-day intervals during which there 

were significant group differences in responses or drug deliveries (p < 0.05). † 

Significant within-group difference in infusions during interval 7 (days 19–21) compared 

with interval 1 [days 1–3; (a), (b), and (d)].  Reprinted with permission from: Anker JJ, Holtz, NA, 

Carroll, ME (2012) Effects of progesterone on escalation of intravenous cocaine self-administration in rats 

selectively bred for high or low saccharin intake. Behav Pharmacol 23: 205-10 (Figure 2, pg. 208) 

 

Post-long-access dose–response condition 

After LgA, rats were retested under the fixed-ratio 1 condition.  Analyses of 

active lever responses (not shown) indicated a significant main effect of phenotype (F1,115 

= 15.75, p < 0.01) and dose (F3,115 = 151.53, p < 0.01).  For infusions, there were 

significant main effects of treatment (F1,115 = 14.51, p < 0.01), phenotype (F1,115 = 4.49, p 

< 0.01), and dose (F3,115 = 299.25, p < 0.01), and a significant treatment×phenotype×dose 
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interaction (F3,115 = 3.27, p < 0.01).  Post hoc comparisons indicated that, at the two 

lowest doses of cocaine (0.2 and 0.4 mg/kg) HiS VEH rats earned more cocaine infusions 

than LoS VEH rats (p < 0.05) (Figure 7a and c), and the LoS P group earned more 0.2 

mg/kg infusions than the LoS VEH group (p < 0.05) (Figure 7b).  LoS rats treated with 

progesterone earned fewer 0.4 mg/kg cocaine infusions than HiS P rats (p < 0.05) (Figure 

7b and d).  Comparison of cocaine intake under the dose–response conditions before and 

after LgA for each group indicated that HiS VEH rats earned more infusions post-LgA 

compared with pre-LgA (F1,63 = 6.14, p < 0.05) (Figure 7c), and LoS P rats earned more 

infusions of 0.2 and 0.8 mg/kg cocaine after LgA compared with that before LgA (p < 

0.05) (Figure 7b). 

 

Discussion 

The primary finding of experiment 3 was that a pharmacological treatment (i.e., 

progesterone) enhanced the drug-prone and drug-resistant behavioral profiles inherent in 

the HiS and LoS rats under the LgA condition (as is illustrated when comparing Figure 

8a and b).  Specifically, on days 3–9, progesterone (vs. vehicle) potentiated cocaine self-

administration in the HiS rats, whereas it suppressed intake in the LoS rats.  That the 

effects of progesterone on cocaine self-administration occurred from only days 3–9 

suggests that the animals may have become tolerant to the effects of progesterone on 

cocaine during LgA.  Altering the dosing regimen such that progesterone was 

administered every other day may have prolonged its effect on LgA cocaine self-

administration.  Additionally, the lack of a treatment effect in HiS rats on days 10–21 
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may be due to a ceiling effect. For example, HiS rats have a greater capacity to continue 

to escalate cocaine intake at the end of a 21-day LgA condition (Perry et al. 2006).  In 

addition, the lack of an effect on days 1–3 may have been the result of the change in 

session length from 2 to 6 h.  Results from several studies indicate that treatment effects 

and individual differences in LgA cocaine intake often emerge after several days of 

cocaine self-administration (Anker et al. 2010; Gipson et al. 2011; Larson et al. 2007; 

Mantsch et al. 2008).  In contrast to the results in the LgA condition, progesterone 

enhanced cocaine intake at the lowest cocaine concentration in the LoS rats after the LgA 

period, illustrating a complex interaction between phenotype, treatment, phase, and dose.  

Regardless of treatment status (progesterone or vehicle), HiS rats escalated cocaine self-

administration during the LgA condition; whereas, LoS rats maintained a lower steady 

rate of cocaine intake.  These findings agree with previous reports indicating that HiS (vs. 

LoS) rats are more likely to escalate their cocaine intake under similar LgA conditions 

(Carroll et al. 2007; Perry et al. 2006).  Overall, these findings confirms that the HiS and 

LoS rat lines are useful genetic models of drug abuse vulnerability and resilience and 

differential sensitivity to treatment (Carroll et al. 2008). 

Two factors that need to be considered when comparing results from the present 

and previous studies are strain and selective breeding.  Heretofore, the attenuating effect 

of progesterone on cocaine self-administration has almost exclusively been demonstrated 

in female Wistar rats, whereas in the present study Sprague–Dawley rats were used 

(Anker and Carroll 2010b).  Furthermore, findings indicate that sensitivity to drug abuse 

treatment is strongly influenced by strain.  For example, Haile and Kosten (2001) 

demonstrated that, the effects of several D2 and D1 agonists and antagonists differed 
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between the inbred Lewis and Fischer 344 rats, and similar to the findings with 

progesterone, administration of one treatment (SKF 38393) increased cocaine self-

administration in Fischer 344 rats (drug abuse resilient) and decreased it in Lewis rats 

(drug abuse prone).  An additional consideration when comparing the present results to 

previous findings is that rats in the present study were selectively bred for differential 

saccharin intake over successive generations.  With each generation, the behavioral 

phenotype (and the underlying genes) between HiS and LoS rats has increasingly 

diverged.  Thus, the fact that progesterone treatment facilitated cocaine self-

administration in HiS rats and had an opposite effect in LoS and Wistar rats could be 

explained by the contribution of genetic influences associated with strain (in the case of 

heterogeneous Wistar rats) and selective breeding (in the case of LoS rats). 

 In sum, the attenuating effects of progesterone on i.v. cocaine self-administration 

in the LoS rats have been reported in our laboratory under similar LgA conditions 

(Larson et al. 2007) and during other phases of drug abuse that are modeled in outbred 

Wistar female rats (Anker and Carroll 2010b; 2011b; Carroll and Anker 2010; Carroll et 

al. 2004).  Results from clinical work provide cross-species support to these findings by 

indicating that progesterone treatment decreased positive subjective ratings of smoked 

and i.v. cocaine in women (Evans and Foltin 2006; Sofuoglu et al. 2002; Sofuoglu et al. 

1999; Sofuoglu et al. 2004).  Similar to the differential effects of baclofen in Experiment 

1, the results of the present study suggest that although progesterone may be efficacious 

in decreasing responses to cocaine, this treatment effect may depend on the individual’s 

drug abuse vulnerability. 
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Experiment 4: Effects of allopregnanolone on the reinstatement of 

cocaine seeking (relapse) in HiS and LoS rats 

Background 

 The attenuating effects of progesterone on drug seeking-behavior discussed in 

Experiment 3 have largely been attributed to its metabolite, allopregnanolone (ALLO), 

and these effects appear to be sex-specific (Anker and Carroll 2010b).  For example, 

ALLO was effective at reducing cocaine-primed reinstatement of drug seeking behavior 

in female but not male rats (Anker et al. 2009a).  This study also showed that the 

attenuating effects of progesterone on drug-primed reinstatement decreased when its 

metabolite, ALLO, was inhibited by finasteride.  Like baclofen, this neuroactive steroid 

enhances GABA transmission; however, in contrast to baclofen’s agonist-properties at 

the GABAB receptor, ALLO acts as a positive allosteric modulator at the GABAA 

receptor.  Additional studies have shown that ALLO attenuates the escalation of cocaine 

self-administration (Anker et al. 2012) and stress (yohimbine)-induced reinstatement of 

drug-seeking behavior in female rats (Anker and Carroll 2010a), suggesting that ALLO 

may serve as an effective therapy for relapse prevention in cocaine-dependent females. 

 The purpose of Experiment 4 was to extend the findings of Experiment 2 by 

investigating possible differences in sensitivity to the attenuating effects of this potential 

pharmacotherapy for substance dependence using the cocaine-primed reinstatement 

procedure.  Given the results of the previous experiments, we hypothesized that ALLO 

would attenuate cocaine-primed reinstatement of drug-seeking behavior either equally 

well between the phenotypes, or to a greater degree in the LoS animals. 
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Methods 

Subjects 

Nineteen experimentally naïve adult female rats, selectively bred at the University 

of Minnesota (Carroll et al. 2002) from Occidental HiS and LoS lines (Occidental 

College, Los Angeles, CA), were used in Experiment 4.   

 

Procedure 

Rats underwent the experimental procedures for cocaine self-administration 

training, maintenance, extinction and reinstatement described in the General Methods 

section.  HiS (n = 9) and LoS (n = 10) rats were treated with allopregnanolone or peanut 

oil once daily 30 min prior to session onset and priming injections as described above. 

 

Data Analysis 

Dependent measures were the mean number of lever presses made during 

maintenance, extinction, and reinstatement.  For maintenance and extinction, mean 

responses were analyzed using a two-way, mixed factorial ANOVA (phenotype×day) 

with day as a repeated measure.  Cocaine infusions achieved during maintenance were 

also examined using a two-way, mixed factorial ANOVA (phenotype×day) with day as 

the repeated measure.  For reinstatement, mean responses were analyzed using a two-

way, mixed factorial ANOVA (phenotype×treatment) with treatment being a repeated 

measure.  All post hoc analyses were made using Fischer’s least-significant-difference t 
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tests.  Results were considered significant if p < 0.05.  All statistical analyses were 

performed with GB Stat software (Dynamic Microsystems, Silver Spring, MD). 

 

Results 

Maintenance 

 Figure 9a shows the mean responses (± SEM) on the cocaine-paired lever during 

the maintenance phase.  There were no significant differences in responses made on the 

active lever during this phase.  Figure 9b shows the mean infusions self-administered (± 

SEM) during maintenance.  For this measure, there was a significant interaction between 

phenotype and day, (F13, 293 = 2.29, p < .01).  Post hoc analyses indicated that HiS rats 

self-administered more infusions than LoS rats on days 9-11 (p < .05). 

 

Figure 9  Mean (±SEM) cocaine-paired lever responses (left panel) and cocaine infusions 

self-administered (right panel) are presented for the 2 experimental groups, HiS (filled 

circles), and LoS (open circles) during the maintenance phase.  The * indicates that the 

HiS group self-administered more cocaine infusions than the LoS group on that day (p < 

.05). 
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Extinction 

 Figure 10 shows the mean responses (± SEM) on the lever previously paired with 

cocaine during the extinction phase when saline was replaced with cocaine.  For this 

measure, there was a significant main effect of day, (F20, 380 = 11.38, p < .01), and an 

interaction between phenotype and day, (F20, 440 = 1.60, p < .05).  Post hoc analysis 

revealed that the LoS group made significantly more responses than the HiS group during 

days 1, 16, and 18. 

 

Figure 10  Mean (±SEM) lever responses (left panel) on the previously cocaine-paired 

lever are presented for the 2 experimental groups, HiS (filled circles), and LoS (open 

circles) during the extinction phase.  The * indicates that the LoS group made more 

responses than the HiS group on that day (p < .05). 
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Reinstatement 

Figure 11 shows responses (± SEM) on the lever previously paired with cocaine 

during the reinstatement phase.  For this phase, there was a significant main effect of 

treatment (F1, 162 = 15.72, p < .001) and a significant interaction between treatment and 

phenotype (F3, 156 = 4.18, p < .01).  Post hoc analyses showed that, compared to saline 

priming injections (Sal) preceded by peanut oil treatment (VEH), HiS rats responded 

more on the lever previously paired with cocaine following all pretreatment priming 

conditions (p < .01) with the exception of the condition in which Sal injections were 

preceded by allopregnanolone (ALLO) and when the 10 mg/kg cocaine (Coc) priming 

injections were preceded by ALLO treatment.  Compared to the condition in which saline 

priming injections were preceded by peanut oil treatment (VEH), LoS responding was 

not significantly different than the condition in which ALLO preceded Sal and the 

condition in which Coc (5 mg/kg) was preceded by VEH.  However, compared to the 

VEH/Sal condition, LoS rats responded more on the previously cocaine-paired lever 

following all other pretreatment priming conditions (p < .05).  HiS rats responded more 

than LoS rats when VEH treatment was followed by the 5 mg/kg Coc priming injection.  

LoS rats showed more responding when the 5 mg/kg Coc dose was preceded by ALLO 

compared to when it was preceded by VEH.  When administered before Sal priming 

injections, ALLO did not induce significantly more responding than VEH treatment.  
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Figure 11  Responses made on the previously cocaine-paired lever between groups 

during the reinstatement phase.  The # indicates a significant (p < .05) difference between 

pretreatment priming dose conditions compared to the condition in which Sal was 

preceded by VEH.  The @ indicates that HiS rats responded more than the LoS rats when 

the 5 mg/kg Coc priming injection was preceded by VEH (p < .01).  The * indicates that 

LoS rats responded more when the 5 mg/kg Coc dose was preceded by ALLO treatment 

compared to when it was preceded by VEH (p < .05).  

 

Discussion 

 In Experiment 4 we found that, compared to control pretreatment, ALLO 

potentiated the reinstatement of drug-seeking behavior primed by the smallest dose of 

cocaine tested (5 mg/kg) in LoS animals.  HiS rats responded more following the 5 mg/kg 

cocaine priming injection preceded by VEH compared to LoS rats.  This was similar to 

results found previously by Perry et al. (2006) with a 15 mg/kg cocaine priming injection.  

In contrast to its potentiating effects in LoS rats, ALLO attenuated reinstatement 

responding primed by the 10 mg/kg dose in the HiS animals, insofar as responding in this 

condition was not significantly different than saline priming injections preceded by VEH.  
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There was no effect of ALLO for either phenotype on reinstatement responding primed 

with the highest cocaine dose (15 mg/kg).   

 These results ran counter to our hypothesis that ALLO would have a greater effect 

in the LoS animals compared to the HiS animals.  It should be noted that while the 

potentiating effect of ALLO on reinstatement following the smallest dose of cocaine was 

statistically significant, the difference in responding between the ALLO and VEH 

conditions amounted to only a few lever presses over the 2-h reinstatement session.  As 

such, these results need to be interpreted with caution.  While the effects are modest, they 

reveal an interaction between cocaine dose, paradigm, and treatment, especially within 

the context of results from Experiments 1-3.  For instance, while progesterone was more 

effective at decreasing cocaine self-administration in LoS animals during periods of 

extended drug access in a manner similar to baclofen, it potentiated self-administration of 

the lowest dose of cocaine during the final short-access phase in this phenotype.  This 

effect was not found in the HiS rats.   

Previous work has indicated that progesterone metabolite ALLO increases the 

release of dopamine in response to drugs of abuse (Rouge-Pont et al. 2002) and has 

anxiolytic properties (Brot et al. 1997).  ALLO may also enhance the rewarding effects of 

small doses of cocaine and decrease its aversive (i.e., anxiogenic) effects, thereby 

facilitating its capacity as a reinforcer and priming injection in the LoS animals.  This is 

particularly relevant, as LoS animals are more sensitive to aversive events and less 

sensitive to rewarding events than HiS animals (Carroll et al. 2008; Dess et al. 2000; 

Dess and Minor 1996a; Dess et al. 2005).  Furthermore, recent work by Regier et al. 
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(Regier et al. 2012) found that LoS animals have more neuronal activity as measured by 

c-Fos expression in the nucleus accumbens shell following a single cocaine injection 

compared to HiS rats.  Because this area is considered part of the ―extended amygdala‖, a 

network of brain structures implicated in the aversive aspects of drugs (Koob 2009), these 

results support the notion that ALLO (as a metabolite of progesterone) may ameliorate 

cocaine’s aversive properties in the LoS animals, thereby driving greater low-dose 

cocaine-primed reinstatement and self-administration.  

Overall, Experiment 4 illustrates that phenotypic treatment sensitivity is a 

complex and subtle phenomenon.  Given the potential therapeutic relevance of this 

model, it will be important to address several important questions.  For example, do the 

effects of ALLO treatment on extended access to smaller doses of cocaine vary in the 

HiS vs. LoS animals, and are there phenotype differences in ALLO’s effects on PR 

responding for multiple doses of cocaine?  Different reinstatement priming conditions 

could be examined, such drug-associated cues and stress.  Furthermore, as ALLO’s 

effects on dopamine activity in the striatum are influenced by estrous cycle (Laconi et al. 

2007), future studies may investigate the interaction of fluctuations in gonadal hormones 

and phenotypic sensitivity to ALLO treatment across the various animal models of 

addiction. 
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Experiment 5: Effects of histamine punishment on cocaine self 

administration in HiS and LoS rats 

Background 

 According to the DSM-IV (American Psychiatric Association. and Task Force on 

DSM-IV. 1994), one criterion for the diagnosis of a substance dependence disorder is the 

regular, continued use of a drug despite aversive consequences (e.g., health 

complications, hangovers, social repercussions, etc.).  One way this aspect of compulsive 

drug use is modeled in the animal laboratory is by applying electric shock to an organism 

whenever it makes an operant response for a drug delivery.  For instance, Deroche-

Gamonet et al. (2004) showed that a small subset of rats in a large heterogeneous 

population continued to press a lever for i.v. cocaine infusions despite the delivery of 

shock after the lever-press response.  The results of this study have translational 

relevance, because as in the case with rats, only a similarly small subset of humans who 

try drugs end up meeting the criterion of dependence (i.e., drug use despite aversive 

consequences) (National Center for Health Statistics (U.S.) and National Center for 

Health Statistics (U.S.). 2011).  Indeed, Vogel-Sprott et al. (1965) showed that alcoholics 

were less sensitive to punishment by electric shock compared to non-alcoholics.  Electric 

shock has further been used to illustrate individual differences in punished drug seeking 

behavior and to investigate other aspects of substance dependence (Barnea-Ygael et al. 

2012; Cooper et al. 2007; Dworkin et al. 1989).  For instance, Belin et al. (2011) showed 

that drug-prone rats selected for high novelty preference (HNP) self-administered more 

cocaine in spite of electric shock following the lever-press response compared to drug-

resilient rats with a low preference for novelty (LNP).  Based on these findings, we were 
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interested in comparing the effects of punishment on cocaine self-administration in the 

HiS and LoS rats.   

 For Experiment 5, we used a different form of punishment than the studies 

previously described: i.v. histamine administration.  This method is effective at reducing 

drug self-administration and other reward-driven behaviors in nonhuman primates 

(Negus 2005; Woolverton et al. 2012).  We used histamine in order to improve the face 

validity of punishment-resistant drug seeking by modeling self-inflicted punishment in 

non-human animals.  That is, while electric shocks serve as effective punishing events 

(i.e., discrete administration, rapid onset/offset, etc.), they are qualitatively different than 

the negative consequences of drug use typically encountered by the human addict (i.e., 

hangovers, anxiety, anhedonia, etc.).  Histamine (via i.v. infusion), on the other hand, is 

fast acting and rapidly metabolized (Middleton et al. 2002; Rose and Browne 1938), and 

approaches the discrete, immediate effects of shock on drug self-administration through 

its action on H1 receptors in the periphery (Goldberg 1980).  In this regard, i.v. histamine 

administration may better model one aversive consequence of cocaine (and opioid) use in 

humans, namely neurological pruritus.  This condition is characterized by aversive, 

delocalized itching sensations throughout the body; however, the phenomenon is 

mediated by mu and kappa opioid receptors (Weisshaar et al. 2009).   

Additionally, we were interested in modeling a particular pharmacological 

approach to substance dependence treatment in which the treatment drugs enhance the 

aversive aspects of drug consumption by interfering with drug metabolization, thereby 

punishing drug intake.  For example, disulfiram is a pharmacological agent that has been 
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investigated as a treatment for alcoholism and cocaine addiction that acts, in part, by 

enhancing the aversive, interoceptive aspects of the drugs (Jorgensen et al. 2011).   

Disulfiram’s efficacy in treating cocaine dependence in humans has recently been 

demonstrated to be mediated by genetic variance (Kosten et al. 2012).  Therefore, we 

were interested in showing if phenotype may mediate sensitivity to the effects of such a 

pharmacological treatment intervention, however by adding an aversive agent directly to 

the drug itself in this instance.  In the present experiment, we were primarily interested in 

isolating the aversive effects of this type of pharmacological strategy.  To do this, we 

used histamine because it does not readily cross the blood brain barrier when 

administered i.v. (Halpern et al. 1959), whereas systemic (i.p.) disulfiram administration 

has complex interactions with drugs of abuse within the brain (Devoto et al. 2012).  This 

strategy is in contrast to those investigated in Experiments 1-4, in which the treatment 

agents are largely thought to moderate the rewarding aspects of cocaine.   

 In this experiment, animals were allowed to self-administer cocaine to establish a 

baseline of operant response.  We then added histamine directly into the cocaine solution 

and measured its effects on self-administration compared to baseline.  We were also 

interested in potential differences in reacquisition of baseline self-administration rates in 

the absence of punishment, so the histamine and cocaine solution was then replaced with 

cocaine-only solution, and the rats’ operant responding was again measured and 

compared to baseline.  

 

 



 

70 

 

Methods 

Subjects 

Nineteen experimentally naïve adult female rats, selectively bred at the University 

of Minnesota (Carroll et al. 2002) bred from Occidental HiS and LoS lines (Occidental 

College, Los Angeles, CA), were used in Experiment 5. 

 

Procedure 

 HiS (n = 9) and LoS (n = 10) rats were trained to self-administer i.v. cocaine as 

described in the General Methods section.  Once stability criteria were met, rats 

continued to self-administer cocaine (0.4 mg/kg/infusion) for 10 daily, 2-h sessions (9:00 

a.m.-11:00 a.m.).  This constituted the Pre-Histamine phase.  Next, during the Histamine 

phase, histamine hydrochloride (4 mg/kg/infusion) was added directly into the cocaine 

solution, and rats continued to self-administer for 10 more sessions.  Last, the 

histamine/cocaine solution was replaced with a cocaine-only solution (0.4 

mg/kg/infusion) and the rats continued to self-administer drug for 20 more sessions.  

These sessions were considered to comprise the Post-Histamine phase. 

 

Data Analysis 

 For each subject, infusions were averaged into 5-day blocks (2 pre-histamine 

blocks, 2 histamine blocks, and 4 post-histamine blocks; see Figure 12).  These blocks of 

average infusions served as the dependent measure in Experiment 5.  Data were analyzed 
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with a mixed linear model (MIXED procedure) using SAS software (SAS Institute Inc., 

Cary, NC).  Fixed effects in this analysis consisted of phenotype (HiS vs. LoS), block (1-

8), as well as a phenotype×block interaction.  Blocks of infusions were further analyzed 

using preplanned within- and between-subjects contrasts.  Changes in self-administration 

were also analyzed during the Histamine and Post-Histamine phases relative to Pre-

Histamine cocaine self-administration by computing percent change of average infusions 

self-administered during blocks 3-8 compared to block 2 ([block 2 infusions - block x 

infusions] / [block 2 infusions] Χ100).  Percent changes for each Histamine and Post-

Histamine block were compared between HiS and LoS animals using Student’s t-tests.  

Results were considered significant if p < 0.05. 
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Figure 12  Mean infusions self-administered by HiS and LoS rats.  Line segments with 

italicized numbers directly above the horizontal axis illustrate blocks of 5-day infusion 

averages.  Blocks 1 and 2 constituted the Pre-Histamine phase, blocks 3 and 4 the 

Histamine phase, and blocks 5-8 the Post-Histamine phase.  Block 2 served as the 

baseline reference measure (BL) of cocaine self-administration prior to histamine 

exposure.  The * indicates a significant difference from baseline (BL, block 2) within 

each phenotype.  The @ indicates phenotype differences in infusions self-administered 

between the phenotypes (p < .05). 

 

Results 

 As illustrated in Figure 12, analyses of 5-day average blocks of infusions 

indicated significant fixed effects for phenotype (F1, 17 = 20.26, p < .001) and block (F7, 

110 = 26.43, p < .001), as well as a phenotype×block interaction (F7, 110 = 3.03, p < .01).  

Both HiS and LoS rats showed a significant decrease of infusions self-administered 

within the Histamine phase compared to their respective baselines (p < .05).  LoS rats 

maintained significantly reduced cocaine intake during blocks 5, 6, and 7 of the Post-

Histamine phase compared to baseline (p < .01).  HiS animals showed no differences 
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during the Post-Histamine phase compared to baseline and self-administered more 

infusions than the LoS animals during blocks 5, 6 and 7 (p < .01) of the Post-Histamine 

phase.   

When comparing percent changes in infusions from baseline, results indicated 

that LoS rats had a greater percent decrease compared to HiS animals during blocks 5 and 

6 of the Post-Histamine phase (p < .05; see Figure 13).  There were no differences 

between the phenotypes in percent change of infusions from baseline during the 

Histamine phase.  Thus, the phenotype differences emerged only during the early Post-

Histamine (10 day) recovery phase. 

 

Figure 13  Percent change of infusions self-administered by HiS and LoS rats averaged 

into 5-day blocks compared to a 5-day baseline average.  The # indicates phenotype 

differences in percent change of infusions self-administered between the phenotypes 

compared to baseline (p < .05) 
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Discussion 

 Results from Experiment 5 showed that histamine was an effective punisher of 

cocaine self-administration in both HiS and LoS animals.  However, LoS rats exhibited a 

delay in reestablishing baseline rates of cocaine self-administration during the Post-

Histamine phase.  In contrast, self-administration rates were not different from baseline 

during any portion of the Post-Histamine phase in the HiS animals.  While it cannot be 

ruled out that the HiS and LoS animals metabolize histamine differently, or that it may 

elicit differential subjective effects between the lines, the absence of phenotype 

differences in the direct punishing effects of histamine (during the Histamine phase) 

suggests that histamine served equally well as a punishing agent (has similar, aversive 

subjective effects) for both lines.  Importantly, histamine had an enduring suppressant 

effect on cocaine self-administration in LoS but not HiS rats after its removal.  Future 

studies could further support this notion by assessing the pharmacokinetic and 

discriminative stimulus properties of i.v. histamine between the phenotypes.   

 One interpretation of the delayed return to baseline in the LoS rats is that they 

were more sensitive to the long-term punishing effects of histamine on cocaine self-

administration.  Recent research has also established that aversive events are more 

effective at reducing reward-driven behaviors in LoS (vs. HiS) rats.  For instance, Radke 

et al. (in preparation) showed that LoS rats had reduced operant responding for chocolate-

flavored food pellets during withdrawal from chronic cocaine administration compared to 

HiS rats.  However, Experiment 5 is the first study showing the deleterious effects of 

pairing an aversive event with a positively reinforced response that can persist after its 

removal in the LoS but not HiS animals.  Future work could look at the possible effects 
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of histamine punishment on devaluing the reinforcing properties of cocaine by assessing 

post-histamine PR ratio responding for cocaine.  While histamine is rapidly metabolized 

and short acting (Middleton et al. 2002; Rose and Browne 1938), we also need to rule out 

the possibility that the decrease in Post-Histamine intake in the LoS animals is the result 

of some lingering, differential, nonspecific somatic effect (e.g., malaise, peripheral 

inflammation, etc.) of histamine exposure on general motor activity or motivation.  

Future studies may look at the effects of non-contingent histamine administration on 

operant responding in the HiS and LoS rats to address this issue. 

 The results from Experiment 5 suggest that, similar to experiments 1 and 3, LoS 

animals may be more sensitive to punishment of ongoing drug self-administration, albeit 

through pairing the reinforcer with noxious stimuli in the present example.  Thus, high 

and low sweet preference may be a valuable behavioral predictor of sensitivity to 

treatments, such as disulfiram, that in effect punish drug consumption in humans.  Future 

studies with the HiS and LoS animals may provide additional justification for such 

clinical trials by directly examining the effects of disulfiram administration on cocaine 

and ethanol consumption. 
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General Discussion 

 The main goal of the experiments detailed in this review was to investigate 

differences in the effects of pharmacological treatments on i.v. cocaine self-

administration and cocaine-seeking behavior using an animal model of phenotypic 

variance in sweet consumption and substance dependence vulnerability.  Experiment 1 

showed that baclofen, a GABAB agonist that has been investigated as a treatment for 

substance dependence, had opposite effects on cocaine self-administration during periods 

of extended drug access.  Specifically, baclofen attenuated cocaine self-administration in 

the LoS line, while it potentiated the escalation of cocaine intake in the HiS line.  

Experiment 2 was conducted to extend this investigation to an animal model of cocaine-

induced relapse (reinstatement).  However, baclofen attenuated cocaine-primed 

reinstatement equally well in either phenotype.  Experiment 3 demonstrated that another 

potential GABAergic treatment for substance dependence, the neuroactive steroid 

progesterone, had effects similar to those found in Experiment 1; namely, progesterone 

decreased cocaine intake in the LoS rats, but it increased intake in the HiS rats.  In 

contrast, Experiment 4 showed that allopregnanolone, a neuroactive metabolite of 

progesterone, potentiated the reinstatement of drug-seeking behavior following a low-

dose cocaine priming injection in LoS rats and attenuated reinstatement responding in 

HiS rats following a moderate cocaine priming dose.  Experiment 5 demonstrated that i.v. 

histamine punishment was equally effective at reducing cocaine self-administration 

between the lines; however, LoS rats exhibited a delay in reaching baseline rates of 

cocaine self administration when histamine punishment was removed.  The following 
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discussion will address these findings within the context of clinical practice and 

implications for future experiments.  

 

Clinical Implications 

Our understanding of how to predict addiction severity and customize treatments 

based on individual vulnerability should lead to better management of drug abuse 

treatments.  For example, as treatment completion is positively associated with 

subsequent abstinence (Tzilos et al. 2009), one major clinical obstacle is lack of patient 

compliance and dropout (Baekeland and Lundwall 1975; Laudet et al. 2009).  

Furthermore, the more rapidly these treatment efforts produce positive outcomes, the 

more likely patients are to continue treatment (Baekeland and Lundwall 1975; Stark 

1992).  Given the heterogeneity in pharmacological response, quick, noninvasive 

measures of stable behavioral markers that predict sensitivity to a given agent could 

result in more rapid, positive treatment outcomes and thus greater long-term adherence.  

In addition to the results from the present experiment, two recent clinical studies suggest 

that one noninvasive marker could be sweet preference.  For instance, Garbutt et al. 

(2009) and Laaksonen et al. (2011) demonstrated that alcoholics with a high sweet-

preference respond better to naltrexone than those with a lower sweet preference.  The 

results from our studies showing differential pharmacological treatment (i.e., baclofen, 

progesterone, allopregnanolone) sensitivity between rats that have been selectively bred 

for high vs. low sweet response offer translational support for the use of sweet preference 

as a clinical predictor.  In this regard, sweet preference may be considered an 
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endophenotype, or a measurable intermediary between a disease (i.e., substance 

dependence) and its heritable biological mechanisms (Gottesman and Gould 2003).  

A potential mechanism driving the ingestion of sweet substances is its activation 

of µ-opioid receptors within GABAergic interneurons in the ventral tegmental area 

(VTA) (Lemon et al. 2004), which facilitates the encoding of reward information (Taha 

et al. 2006) by attenuating the inhibitive action of these interneurons on dopaminergic 

neurons in the VTA and striatum (Johnson and North 1992; however, see Margolis et al. 

2012), a network that is also a major locus of action for drugs of abuse.  Thus, as sweet 

preference is a relatively stable trait (Desor and Beauchamp 1987), these studies suggest 

that it may be a viable probe into the functioning of the endogenous opioid system, and 

thus an endophenotype of addiction liability and sensitivity to treatments that target the 

GABA and opioid systems (e.g., naltrexone, baclofen, progesterone, allopregnanolone).  

Recent imaging and pharmacogenetic work has corroborated this notion, showing that µ-

opioid receptor binding was predictive of behavioral treatment sensitivity in cocaine- or 

alcohol-dependent individuals (Ghitza et al. 2010; Mann and Hermann 2010). 

It is likely that sweet preference alone may not be sensitive enough a measure for 

predicting response to all pharmacological treatment options, and may need to be refined 

and used in combination with other assessments, such as genotyping.  However, it has 

been argued that searching for genetic variants with liability for complex behavioral 

diseases, such as addiction, is substantially less effective than the application of 

environmental modifications (e.g., public health initiatives, behavioral interventions, etc.) 

due to the high number of genetic variants, each with small effect size (Merikangas and 
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Risch 2003).  The HiS/LoS model offers additional value, in that the experimentally 

delineated genomes (via selective breeding) in these animals may also help elucidate 

salient predictive variants that could guide clinical pharmacogenetic efforts.  As 

suggested by Agrawal et al. (2012), the future of effective substance dependence therapy 

should involve personalized treatments shaped by the patients’ endophenotypes 

(electroencephalogram activity, Stroop task performance, neuroimaging outcomes, etc.), 

biomarkers, addiction severity, and genotype. 

Sweet preference may also serve as a probe of affective traits that could guide 

treatment choices (Dess and Edelheit 1998), such as those that enhance the aversive 

aspects of drug intake as explored in Experiment 5.  Previous work has shown that LoS 

rats display greater negative reactivity, or emotionality, compared to HiS rats under 

stressful conditions (Dess et al. 2000; Dess and Minor 1996b).  LoS rats show greater 

latency of emergence and increased defecation in the novel open field, more stress-

induced anorexia (Dess and Minor 1996a) and analgesia than HiS rats (Dess et al. 2000).  

LoS rats also display more emotional reactivity (e.g., subordination, hyperthermia) when 

competing with weight-matched HiS rats for food (Eaton et al. 2012).  Further, compared 

to HiS rats, LoS animals displayed increased reactivity of the hypothalamic-pituitary-

adrenal (HPA) axis, a system that is integral to the stress response and linked to a 

multitude of psychiatric disorders including drug addiction (Evans et al. 2011; Sinha 

2008).  LoS rats also display greater withdrawal symptoms following chronic (but not 

acute; Radke et al., submitted) drug administration (Dess et al. 2005).  As stress and 

emotionality are powerful liability factors in many aspects of substance dependence 

(Ungless et al. 2010), the HiS and LoS model may have special utility in investigating a 
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more broad construct of emotionality that can, along with results from other high- and 

low-vulnerable animal models, provide an overarching framework with predictive and 

translational value.  For instance, aversive response to drugs of abuse has been 

extensively studied between the inbred Lewis and Fischer rats.  These strains show 

similarities with the HiS/LoS lines in respect to many aspects of drug abuse vulnerability 

(Lewis>Fischer) and stress response (Fischer>Lewis) (Kosten and Ambrosio 2002).  

Interestingly, the less addiction-prone Fischer rats show greater conditioned taste 

aversion following administration of drugs that are reinforcing under other conditions 

(e.g., self-administration) (Kosten and Ambrosio 2002).  Table 8 illustrates the divergent 

responses to negative events in rats that vary in avidity for rewarding events. 
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Table 8  Relationship between high and low responders for drug and nondrug 

rewards and the positive effects of drugs and response to aversive conditions 

(adapted from Carroll et al. 2009) 

Groups Positive effects 

(drug 

seeking/drug-

taking) 

Negative effects Reference 

HiI vs. LoI 

(impulsivity) 

HiI>LoI LoI>HiI  

Cocaine extinction 

Perry et al. (2008) 

LoI>HiI  

Heroin withdrawal 

Cocaine withdrawal 

Dalley et al. (2007) 

Dalley et al. (2007) 

HiS vs. LoS 

(saccharin 

intake) 

HiS>LoS LoS>HiS 

Ethanol withdrawal 

Glucose withdrawal 

Dess et al. (2005) 

Yakovenko et al. 

(2011) 

HiS>LoS 

Acute morphine 

withdrawal 

Radke et al. 

(submitted) 

LoS>HiS 

Food deprivation- induced 

wheel running 

Dess et al. (2000) 

LoS>HiS 

Food deprivation + 

methylphenidate- induced 

wheel running 

McLaughlin et al. 

(2011) 

LoS>HiS  

Acoustic startle 

Dess et al. (2000) 

LoS>HiS 

Food-deprivation + 

methylphenidate- induced 

startle 

McLaughlin et al. 

(2011) 

LoS>HiS 

Social subordination 

Eaton et al. (2012) 

HR vs. LR 

(novelty 

reactivity) 

HR>LR LR>HR  

Fear, anxiety and 

emotionality 

Dellu et al. (1996) 

Kabbaj et al. (2000) 

Stead et al. (2006) 

HAC vs. LAC 

(ethanol 

consumption) 

HAC>LAC LAC>HAC 

Withdrawal: 

Ethanol 

Chester et al. (2003) 

 

LEW vs. F344 

(inbred strains) 

LEW>F344 F344>LEW 

Fear, anxiety, emotionality 

Kosten and Ambrosio 

(2002) 

F344>LEW  

Taste aversion (morphine) 

Riley (2011) 

HiI and LoI, high and low impulsivity; HiS and LoS, high and low saccharin; HR and LR, high and low responders ; 

HAC and LAC, high and low alcohol consumers; LEW and F344, Lewis and Fischer F344 
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Future Directions 

While animal research using high and low vulnerable phenotypes has enhanced 

our understanding into the etiology of substance dependence, this work may be of 

marginal translational value unless it ultimately improves treatment outcomes.  Thus, a 

goal of the present research is to conduct parallel experiments with the other differential 

phenotypes described in the Introduction section.  In the preclinical and clinical literature, 

the various phenotypic traits (i.e., sweet preference, impulsivity, novelty-seeking) likely 

produce non-homogenous mechanisms of addiction vulnerability or resilience.  For 

instance, while the HiS and LoS animals display high and low impulsivity, respectively, 

rats screened for high and low impulsivity do not show differential saccharin-preference 

scores (Perry et al., unpublished data).  Recently, we also failed to show a difference in 

saccharin-preference scores between the addiction-prone and -resilient Lewis and Fischer 

rats (Holtz et al., in preparation).  As such, we cannot infer that these high and low-

vulnerable animals would display differential treatment response to agents such as 

baclofen or progesterone, as was the case with HiS and LoS rats in Experiments 1 and 3.   

 In addition, we need to investigate how independent these predictors are and how 

they interact.  For example, clinical studies have shown that sweet-liking only predicts 

alcoholism if it is comorbid with sensation-seeking (Kampov-Polevoy et al. 1998; Lange 

et al. 2010).  Insofar as sweet preference predicts treatment sensitivity in human studies, 

questions remain regarding whether the predictive value of this trait in the attenuating 

effects of naltrexone on alcohol consumption is less powerful than sensation-seeking 

phenotype, how these factors interact, and how they are moderated by other phenotypic 
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variables, such as impulsivity.  This may be relevant, as impulsivity is emerging as a 

predictor of behavioral and pharmacological treatments for nicotine and cocaine 

dependence in humans (MacKillop and Kahler 2009).  Clearly, assessing sweet 

preference and pharmacological treatment sensitivity in the HR/LR and HiI/LoI models 

(see Table 8), amongst others, could help justify and guide clinical investigations to 

address these issues.   

 Furthermore, it is important that the hypotheses of these particular review studies 

are also examined in the clinical laboratory.  If baclofen, for instance, were more 

effective in reducing cocaine intake in sweet-likers compared to sweet-dislikers, as was 

found with the effects of naltrexone on alcohol intake (Garbutt et al. 2009; Laaksonen et 

al. 2011), more experiments would be needed to understand the translational limitations 

of our model.  Future research should also investigate phenotype differences in sensitivity 

to the various treatments for dependence to multiple classes of drugs.  While the present 

studies investigated pharmacological agents that reduce the rewarding effects of drugs or 

punish drug self-administration, agonist replacement therapy is an effective treatment 

strategy for opioid dependence (e.g., methadone; see Bart 2012) that is also showing 

promise for treating stimulant dependence (e.g., modafinil; see Herin et al. 2010).  Future 

research should investigate how phenotypes differing in drug abuse vulnerability respond 

to this approach.   

A more recent pharmacological development for substance dependence is the 

orexin antagonist and hypnotic, Almorexant (Steiner et al. 2012).  The orexins are 

neuropeptides that originate from cell groups segregated to the lateral (LH) hypothalamus 



 

84 

 

and perifornical area (PFA) that project to brain regions associated with reward 

processing (Peyron et al. 1998).  Importantly, orexin mediates behaviors related to both 

drug and non-drug rewards, such as sweet substances (Cason et al. 2010; Thompson and 

Borgland 2011).  For example, orexin receptor antagonism reduces feeding behavior 

(Rodgers et al. 2001), and attenuates ethanol consumption, reinstatement of cocaine- and 

ethanol-seeking behavior (James et al. 2011; Shoblock et al. 2011; Srinivasan et al. 

2012), and motivation for cocaine as assessed by a progressive-ratio schedule of 

reinforcement in rodents (Espana et al. 2010).  Recently, we demonstrated that HiS rats 

display greater orexin expression in the LH and PFA compared to LoS rats (Holtz et al. 

2012), suggesting that phenotype may also predict response to drugs that target the orexin 

system.  Additionally, a study by Moorman and Aston-Jones (2009) demonstrated that an 

orexin receptor antagonist was more effective at reducing ethanol consumption in outbred 

rats selected for high (vs. low) ethanol consumption.  While providing another line of 

evidence implicating orexin in the heterogeneity of addiction vulnerability, these data 

also suggest that, while orexin system may be a potential mechanism for pharmacological 

interventions, such effects may be moderated by vulnerability phenotype.  Therefore, we 

are currently investigating the effects of orexin antagonist on drug self-administration in 

the HiS and LoS animals.  

 In summary, this review has provided evidence that phenotypic variance in sweet-

intake may be a valid predictor of vulnerability to the development of substance abuse, as 

well as sensitivity to pharmacological treatments for this disorder.  Baclofen and 

progesterone attenuated cocaine self-administration during periods of extended drug 

access in the LoS animals, but increased cocaine consumption in the HiS animals.  
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Baclofen attenuated cocaine-primed reinstatement of drug-seeking behavior in both HiS 

and LoS rats equally.  In contrast, allopregnanolone potentiated low-dose cocaine-primed 

reinstatement in LoS rats; whereas, it attenuated this response following moderate-dose 

cocaine priming injections in the HiS rats.  Histamine was equally effective in punishing 

cocaine self-administration in both phenotypes.  However, LoS rats exhibited a delay in 

reaching baseline levels of self-administration following histamine punishment.  These 

data may inform therapeutic strategies by illustrating that phenotypic traits can aid in 

matching substance-dependent patients with optimal pharmacological interventions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

86 

 

References 

Agrawal A, Lynskey MT (2006) The genetic epidemiology of cannabis use, abuse and 

dependence. Addiction 101: 801-12 

Agrawal A, Lynskey MT (2008) Are there genetic influences on addiction: evidence 

from family, adoption and twin studies. Addiction 103: 1069-81 

Agrawal A, Verweij KJ, Gillespie NA, Heath AC, Lessov-Schlaggar CN, Martin NG, 

Nelson EC, Slutske WS, Whitfield JB, Lynskey MT (2012) The genetics of 

addiction-a translational perspective. Transl Psychiatry 2: e140 

Ahmed SH, Kenny PJ, Koob GF, Markou A (2002) Neurobiological evidence for 

hedonic allostasis associated with escalating cocaine use. Nat Neurosci 5: 625-6 

Ahmed SH, Koob GF (1998) Transition from moderate to excessive drug intake: change 

in hedonic set point. Science 282: 298-300 

Ahmed SH, Koob GF (1999) Long-lasting increase in the set point for cocaine self-

administration after escalation in rats. Psychopharmacology (Berl) 146: 303-12 

American Psychiatric Association., Task Force on DSM-IV. (1994) Diagnostic and 

statistical manual of mental disorders : DSM-IV, 4th edn. American Psychiatric 

Association, American Psychiatric Association 

Anker JJ, Carroll ME (2010a) Sex differences in the effects of allopregnanolone on 

yohimbine-induced reinstatement of cocaine seeking in rats. Drug Alcohol 

Depend 107: 264-7 

Anker JJ, Carroll ME (2010b) The role of progestins in the behavioral effects of cocaine 

and other drugs of abuse: human and animal research. Neurosci Biobehav Rev 35: 

315-33 



 

87 

 

Anker JJ, Carroll ME (2011a) Adolescent nicotine exposure sensitizes cue-induced 

reinstatement of cocaine seeking in rats bred for high and low saccharin intake. 

Drug Alcohol Depend  

Anker JJ, Carroll ME (2011b) Females are more vulnerable to drug abuse than males: 

evidence from preclinical studies and the role of ovarian hormones. Curr Top 

Behav Neurosci 8: 73-96 

Anker JJ, Gliddon LA, Carroll ME (2008) Impulsivity on a Go/No-go task for 

intravenous cocaine or food in male and female rats selectively bred for high and 

low saccharin intake. Behav Pharmacol 19: 615-29 

Anker JJ, Holtz NA, Zlebnik N, Carroll ME (2009a) Effects of allopregnanolone on the 

reinstatement of cocaine-seeking behavior in male and female rats. 

Psychopharmacology (Berl) 203: 63-72 

Anker JJ, Larson EB, Gliddon LA, Carroll ME (2007) Effects of progesterone on the 

reinstatement of cocaine-seeking behavior in female rats. Exp Clin 

Psychopharmacol 15: 472-80 

Anker JJ, Perry JL, Gliddon LA, Carroll ME (2009b) Impulsivity predicts the escalation 

of cocaine self-administration in rats. Pharmacol Biochem Behav 93: 343-8 

Anker JJ, Zlebnik NE, Carroll ME (2010) Differential effects of allopregnanolone on the 

escalation of cocaine self-administration and sucrose intake in female rats. 

Psychopharmacology (Berl) 212: 419-29 

Anker JJ, Zlebnik NE, Carroll ME (2012) Differential effects of allopregnanolone on the 

escalation of cocaine self-administration and sucrose intake in female rats. 

Psychopharmacology (Berl) 212: 419-29 



 

88 

 

Anton RF, Oroszi G, O'Malley S, Couper D, Swift R, Pettinati H, Goldman D (2008) An 

evaluation of mu-opioid receptor (OPRM1) as a predictor of naltrexone response 

in the treatment of alcohol dependence: results from the Combined 

Pharmacotherapies and Behavioral Interventions for Alcohol Dependence 

(COMBINE) study. Arch Gen Psychiatry 65: 135-44 

Atkins AL, Helms ML, O'Toole LA, Belknap JK (2001) Stereotypic behaviors in mice 

selectively bred for high and low methamphetamine-induced stereotypic chewing. 

Psychopharmacology (Berl) 157: 96-104 

Bachmanov AA, Bosak NP, Floriano WB, Inoue M, Li X, Lin C, Murovets VO, Reed 

DR, Zolotarev VA, Beauchamp GK (2011) Genetics of sweet taste preferences. 

26: 286-294 

Baekeland F, Lundwall L (1975) Dropping out of treatment: a critical review. Psychol 

Bull 82: 738-83 

Barnea-Ygael N, Yadid G, Yaka R, Ben-Shahar O, Zangen A (2012) Cue-induced 

reinstatement of cocaine seeking in the rat "conflict model": effect of prolonged 

home-cage confinement. Psychopharmacology (Berl) 219: 875-83 

Bart G (2012) Maintenance medication for opiate addiction: the foundation of recovery. J 

Addict Dis 31: 207-25 

Belin D, Berson N, Balado E, Piazza PV, Deroche-Gamonet V (2011) High-novelty-

preference rats are predisposed to compulsive cocaine self-administration. 

Neuropsychopharmacology 36: 569-79 

Belknap JK, Haltli NR, Goebel DM, Lame M (1983) Selective breeding for high and low 

levels of opiate-induced analgesia in mice. Behav Genet 13: 383-96 



 

89 

 

Bitterman ME (1962) Techniques for the study of learning in animals: analysis and 

classification. Psychol Bull 59: 81-93 

Blanchard MM, Mendelsohn D, Stamp JA (2009) The HR/LR model: Further evidence as 

an animal model of sensation seeking. Neurosci Biobehav Rev 33: 1145-54 

Brebner K, Phelan R, Roberts DC (2000) Effect of baclofen on cocaine self-

administration in rats reinforced under fixed-ratio 1 and progressive-ratio 

schedules. Psychopharmacology (Berl) 148: 314-21 

Brot MD, Akwa Y, Purdy RH, Koob GF, Britton KT (1997) The anxiolytic-like effects of 

the neurosteroid allopregnanolone: interactions with GABA(A) receptors. Eur J 

Pharmacol 325: 1-7 

Burdick KE, Gopin CB, Malhotra AK (2010) Pharmacogenetic approaches to cognitive 

enhancement in schizophrenia. Harv Rev Psychiatry 19: 102-8 

Cadoret RJ, Troughton E, O'Gorman TW, Heywood E (1986) An adoption study of 

genetic and environmental factors in drug abuse. Arch Gen Psychiatry 43: 1131-6 

Campbell UC, Lac ST, Carroll ME (1999) Effects of baclofen on maintenance and 

reinstatement of intravenous cocaine self-administration in rats. 

Psychopharmacology (Berl) 143: 209-14 

Campbell UC, Morgan AD, Carroll ME (2002) Sex differences in the effects of baclofen 

on the acquisition of intravenous cocaine self-administration in rats. Drug Alcohol 

Depend 66: 61-9 

Cantin L, Lenoir M, Augier E, Vanhille N, Dubreucq S, Serre F, Vouillac C, Ahmed SH 

(2010) Cocaine is low on the value ladder of rats: possible evidence for resilience 

to addiction. PLoS One 5: e11592 



 

90 

 

Capeless CG, Whitney G (1995) The genetic basis of preference for sweet substances 

among inbred strains of mice: preference ratio phenotypes and the alleles of the 

Sac and dpa loci. Chem Senses 20: 291-8 

Carroll ME, Anderson MM, Morgan AD (2007) Regulation of intravenous cocaine self-

administration in rats selectively bred for high (HiS) and low (LoS) saccharin 

intake. Psychopharmacology (Berl) 190: 331-41 

Carroll ME, Anker JJ (2010) Sex differences and ovarian hormones in animal models of 

drug dependence. Horm Behav 58: 44-56 

Carroll ME, Anker JJ, Perry JL (2009) Modeling risk factors for nicotine and other drug 

abuse in the preclinical laboratory. Drug Alcohol Depend 104 Suppl 1: S70-8 

Carroll ME, Batulis DK, Landry KL, Morgan AD (2005) Sex differences in the 

escalation of oral phencyclidine (PCP) self-administration under FR and PR 

schedules in rhesus monkeys. Psychopharmacology (Berl) 180: 414-26 

Carroll ME, Campbell UC, Heideman P (2001) Ketoconazole suppresses food restriction-

induced increases in heroin self-administration in rats: sex differences. Exp Clin 

Psychopharmacol 9: 307-16 

Carroll ME, Gao Y, Brimijoin S, Anker JJ (2010) Effects of cocaine hydrolase on 

cocaine self-administration under a PR schedule and during extended access 

(escalation) in rats. Psychopharmacology (Berl)  

Carroll ME, Lynch WJ, Roth ME, Morgan AD, Cosgrove KP (2004) Sex and estrogen 

influence drug abuse. Trends Pharmacol Sci 25: 273-9 



 

91 

 

Carroll ME, Morgan AD, Anker JJ, Perry JL, Dess NK (2008) Selective breeding for 

differential saccharin intake as an animal model of drug abuse. Behav Pharmacol 

19: 435-60 

Carroll ME, Morgan AD, Lynch WJ, Campbell UC, Dess NK (2002) Intravenous cocaine 

and heroin self-administration in rats selectively bred for differential saccharin 

intake: phenotype and sex differences. Psychopharmacology (Berl) 161: 304-13 

Cason AM, Smith RJ, Tahsili-Fahadan P, Moorman DE, Sartor GC, Aston-Jones G 

(2010) Role of orexin/hypocretin in reward-seeking and addiction: implications 

for obesity. Physiol Behav 100: 419-28 

Chester JA, Blose AM, Froehlich JC (2003) Further evidence of an inverse genetic 

relationship between innate differences in alcohol preference and alcohol 

withdrawal magnitude in multiple selectively bred rat lines. Alcohol Clin Exp Res 

27: 377-87 

Cooper A, Barnea-Ygael N, Levy D, Shaham Y, Zangen A (2007) A conflict rat model of 

cue-induced relapse to cocaine seeking. Psychopharmacology (Berl) 194: 117-25 

Cosgrove KP, Carroll ME (2003) Effects of a non-drug reinforcer, saccharin, on oral self-

administration of phencyclidine in male and female rhesus monkeys. 

Psychopharmacology (Berl) 170: 9-16 

Cosgrove KP, Carroll ME (2004) Differential effects of bremazocine on oral 

phencyclidine (PCP) self-administration in male and female rhesus monkeys. Exp 

Clin Psychopharmacol 12: 111-7 



 

92 

 

Cosgrove KP, Hunter RG, Carroll ME (2002) Wheel-running attenuates intravenous 

cocaine self-administration in rats: sex differences. Pharmacol Biochem Behav 

73: 663-71 

Costa ESJA (2012) Personalized medicine in psychiatry: New technologies and 

approaches. Metabolism  

Crabbe JC (1984) Pharmacogenetic strategies for studying alcohol dependence. Alcohol 

1: 185-91 

Crabbe JC, Kosobud A, Young ER, Tam BR, McSwigan JD (1985) Bidirectional 

selection for susceptibility to ethanol withdrawal seizures in Mus musculus. 

Behav Genet 15: 521-36 

Cunningham CL, Hallett CL, Niehus DR, Hunter JS, Nouth L, Risinger FO (1991) 

Assessment of ethanol's hedonic effects in mice selectively bred for sensitivity to 

ethanol-induced hypothermia. Psychopharmacology (Berl) 105: 84-92 

Dalley JW, Fryer TD, Brichard L, Robinson ES, Theobald DE, Laane K, Pena Y, 

Murphy ER, Shah Y, Probst K, Abakumova I, Aigbirhio FI, Richards HK, Hong 

Y, Baron JC, Everitt BJ, Robbins TW (2007) Nucleus accumbens D2/3 receptors 

predict trait impulsivity and cocaine reinforcement. Science 315: 1267-70 

Dalley JW, Laane K, Pena Y, Theobald DE, Everitt BJ, Robbins TW (2005) Attentional 

and motivational deficits in rats withdrawn from intravenous self-administration 

of cocaine or heroin. Psychopharmacology (Berl) 182: 579-87 

Darwin C (1874) The descent of man, and selection in relation to sex, 2d edn. A. L. Burt, 

A. L. Burt 



 

93 

 

Davis BA, Clinton SM, Akil H, Becker JB (2008) The effects of novelty-seeking 

phenotypes and sex differences on acquisition of cocaine self-administration in 

selectively bred High-Responder and Low-Responder rats. Pharmacol Biochem 

Behav 90: 331-8 

Dellu F, Mayo W, Vallee M, Maccari S, Piazza PV, Le Moal M, Simon H (1996) 

Behavioral reactivity to novelty during youth as a predictive factor of stress-

induced corticosterone secretion in the elderly--a life-span study in rats. 

Psychoneuroendocrinology 21: 441-53 

Deroche V, Piazza PV, Le Moal M, Simon H (1993) Individual differences in the 

psychomotor effects of morphine are predicted by reactivity to novelty and 

influenced by corticosterone secretion. Brain Res 623: 341-4 

Deroche-Gamonet V, Belin D, Piazza PV (2004) Evidence for addiction-like behavior in 

the rat. Science 305: 1014-7 

Desor JA, Beauchamp GK (1987) Longitudinal changes in sweet preferences in humans. 

Physiol Behav 39: 639-41 

DeSousa NJ, Bush DE, Vaccarino FJ (2000) Self-administration of intravenous 

amphetamine is predicted by individual differences in sucrose feeding in rats. 

Psychopharmacology (Berl) 148: 52-8 

Dess NK, Arnal J, Chapman CD, Siebal S, VanderWeele DA, Green KF (2000) 

Exploring adaptations to famine: Rats selectively bred for differential intake of 

saccharin differ on deprivation-induced hyperactivity and emotionality. 

International Journal of Comparative Psychology 13: 34-52 



 

94 

 

Dess NK, Badia-Elder NE, Thiele TE, Kiefer SW, Blizard DA (1998) Ethanol 

consumption in rats selectively bred for differential saccharin intake. Alcohol 16: 

275-8 

Dess NK, Edelheit D (1998) The bitter with the sweet: the taste/stress/temperament 

nexus. Biol Psychol 48: 103-19 

Dess NK, Minor TR (1996a) Taste and emotionality in rats selectively bred for high 

versus low saccharin intake. Learning and Behavior 24: 105-115 

Dess NK, Minor TR (1996b) Taste and emotionality in rats selectively bred for high 

versus low saccharin intake. A Learn Behav. 24 105-155 

Dess NK, O'Neill P, Chapman CD (2005) Ethanol withdrawal and proclivity are 

inversely related in rats selectively bred for differential saccharin intake. Alcohol 

37: 9-22 

Devoto P, Flore G, Saba P, Cadeddu R, Gessa GL (2012) Disulfiram stimulates 

dopamine release from noradrenergic terminals and potentiates cocaine-induced 

dopamine release in the prefrontal cortex. Psychopharmacology (Berl) 219: 1153-

64 

Diergaarde L, Pattij T, Nawijn L, Schoffelmeer AN, De Vries TJ (2009) Trait impulsivity 

predicts escalation of sucrose seeking and hypersensitivity to sucrose-associated 

stimuli. Behav Neurosci 123: 794-803 

Dworkin SI, Bimle C, Miyauchi T (1989) Differential effects of pentobarbital and 

cocaine on punished and nonpunished responding. J Exp Anal Behav 51: 173-84 

Eaton J, Dess N, Chapman C (2012) Sweet Success, Bitter Defeat: A Taste Phenotype 

Predicts Social Status in Selectively Bred Rats. PLoS ONE 7 



 

95 

 

Economidou D, Pelloux Y, Robbins TW, Dalley JW, Everitt BJ (2009) High impulsivity 

predicts relapse to cocaine-seeking after punishment-induced abstinence. Biol 

Psychiatry 65: 851-6 

Espana RA, Oleson EB, Locke JL, Brookshire BR, Roberts DC, Jones SR (2010) The 

hypocretin-orexin system regulates cocaine self-administration via actions on the 

mesolimbic dopamine system. Eur J Neurosci 31: 336-48 

Evans BE, Greaves-Lord K, Euser AS, Franken IH, Huizink AC (2011) The relation 

between HPA axis activity and age of onset of alcohol use. Addiction  

Evans SM, Foltin RW (2006) Exogenous progesterone attenuates the subjective effects of 

smoked cocaine in women, but not in men. Neuropsychopharmacology 31: 659-

74 

Evans SM, Haney M, Foltin RW (2002) The effects of smoked cocaine during the 

follicular and luteal phases of the menstrual cycle in women. 

Psychopharmacology (Berl) 159: 397-406 

Fadda P, Scherma M, Fresu A, Collu M, Fratta W (2003) Baclofen antagonizes nicotine-, 

cocaine-, and morphine-induced dopamine release in the nucleus accumbens of 

rat. Synapse 50: 1-6 

Fattore L, Piras G, Corda MG, Giorgi O (2009) The Roman high- and low-avoidance rat 

lines differ in the acquisition, maintenance, extinction, and reinstatement of 

intravenous cocaine self-administration. Neuropsychopharmacology 34: 1091-101 

Fernandez-Teruel A, Driscoll P, Gil L, Aguilar R, Tobena A, Escorihuela RM (2002) 

Enduring effects of environmental enrichment on novelty seeking, saccharin and 



 

96 

 

ethanol intake in two rat lines (RHA/Verh and RLA/Verh) differing in incentive-

seeking behavior. Pharmacol Biochem Behav 73: 225-31 

Filip M, Frankowska M (2007) Effects of GABA(B) receptor agents on cocaine priming, 

discrete contextual cue and food induced relapses. Eur J Pharmacol 571: 166-73 

Flagel SB, Watson SJ, Akil H, Robinson TE (2008) Individual differences in the 

attribution of incentive salience to a reward-related cue: influence on cocaine 

sensitization. Behav Brain Res 186: 48-56 

Foroud T, Bice P, Castelluccio P, Bo R, Miller L, Ritchotte A, Lumeng L, Li TK, Carr 

LG (2000) Identification of quantitative trait loci influencing alcohol consumption 

in the high alcohol drinking and low alcohol drinking rat lines. Behav Genet 30: 

131-40 

Frankowska M, Nowak E, Filip M (2009) Effects of GABAB receptor agonists on 

cocaine hyperlocomotor and sensitizing effects in rats. Pharmacol Rep 61: 1042-9 

Gahtan E, Labounty LP, Wyvell C, Carroll ME (1996) The relationships among 

saccharin consumption, oral ethanol, and i.v. cocaine self-administration. 

Pharmacol Biochem Behav 53: 919-25 

Gallaher EJ, Hollister LE, Gionet SE, Crabbe JC (1987) Mouse lines selected for genetic 

differences in diazepam sensitivity. Psychopharmacology (Berl) 93: 25-30 

Garbutt JC, Osborne M, Gallop R, Barkenbus J, Grace K, Cody M, Flannery B, Kampov-

Polevoy AB (2009) Sweet liking phenotype, alcohol craving and response to 

naltrexone treatment in alcohol dependence. Alcohol Alcohol 44: 293-300 

Ghitza UE, Preston KL, Epstein DH, Kuwabara H, Endres CJ, Bencherif B, Boyd SJ, 

Copersino ML, Frost JJ, Gorelick DA (2010) Brain mu-opioid receptor binding 



 

97 

 

predicts treatment outcome in cocaine-abusing outpatients. Biol Psychiatry 68: 

697-703 

Gipson CD, Beckmann JS, El-Maraghi S, Marusich JA, Bardo MT (2011) Effect of 

environmental enrichment on escalation of cocaine self-administration in rats. 

Psychopharmacology (Berl) 214: 557-66 

Goldberg SR (1980) Histamine as a punisher in squirrel monkeys: effects of 

pentobarbital, chlordiazepoxide and H1- and H2-receptor antagonists on behavior 

and cardiovascular responses. J Pharmacol Exp Ther 214: 726-36 

Goodwin DW, Schulsinger F, Hermansen L, Guze SB, Winokur G (1973) Alcohol 

problems in adoptees raised apart from alcoholic biological parents. Arch Gen 

Psychiatry 28: 238-43 

Gosnell BA, Lane KE, Bell SM, Krahn DD (1995) Intravenous morphine self-

administration by rats with low versus high saccharin preferences. 

Psychopharmacology (Berl) 117: 248-52 

Gosnell BA, Mitra A, Avant RA, Anker JJ, Carroll ME, Levine AS (2010) Operant 

responding for sucrose by rats bred for high or low saccharin consumption. 

Physiol Behav 99: 529-33 

Gottesman, II, Gould TD (2003) The endophenotype concept in psychiatry: etymology 

and strategic intentions. Am J Psychiatry 160: 636-45 

Grahame NJ, Li TK, Lumeng L (1999) Selective breeding for high and low alcohol 

preference in mice. Behav Genet 29: 47-57 

Gvozdic K, Brandl EJ, Taylor DL, Muller DJ (2012) Genetics and personalized medicine 

in antidepressant treatment. Curr Pharm Des  



 

98 

 

Haile CN, Hiroi N, Nestler EJ, Kosten TA (2001) Differential behavioral responses to 

cocaine are associated with dynamics of mesolimbic dopamine proteins in Lewis 

and Fischer 344 rats. Synapse 41: 179-90 

Haile CN, Kosten TA (2001) Differential effects of D1- and D2-like compounds on 

cocaine self-administration in Lewis and Fischer 344 inbred rats. J Pharmacol Exp 

Ther 299: 509-18 

Haile CN, Kosten TR (2009) The potential of pharmacogenomics to treat drug addiction. 

Pharmacogenomics 10: 1883-6 

Halpern BN, Neveu T, Wilson CW (1959) The distribution and fate of radioactive 

histamine in the rat. J Physiol 147: 437-49 

Haney M, Hart CL, Foltin RW (2006) Effects of baclofen on cocaine self-administration: 

opioid- and nonopioid-dependent volunteers. Neuropsychopharmacology 31: 

1814-21 

Hansen ST, Mark GP (2007) The nicotinic acetylcholine receptor antagonist 

mecamylamine prevents escalation of cocaine self-administration in rats with 

extended daily access. Psychopharmacology (Berl) 194: 53-61 

He S, Yang Y, Mathur D, Grasing K (2008) Selective breeding for intravenous drug self-

administration in rats: a pilot study. Behav Pharmacol 19: 751-64 

Herin DV, Rush CR, Grabowski J (2010) Agonist-like pharmacotherapy for stimulant 

dependence: preclinical, human laboratory, and clinical studies. Ann N Y Acad 

Sci 1187: 76-100 

Higgins ST (2003) An historical note on Darwin and nonhuman drug self-administration. 

Exp Clin Psychopharmacol 11: 317 



 

99 

 

Holtz NA, Zlebnik NE, Carroll ME (2012) Differential orexin/hypocretin expression in 

addiction-prone and -resistant rats selectively bred for high (HiS) and low (LoS) 

saccharin intake. Neurosci Lett 522: 12-5 

Howard MO, Kivlahan D, Walker RD (1997) Cloninger's tridimensional theory of 

personality and psychopathology: applications to substance use disorders. J Stud 

Alcohol 58: 48-66 

Hulse GK (2012) Improving Clinical Outcomes for Naltrexone as a Management of 

Problem Alcohol Use. Br J Clin Pharmacol  

Iacono WG, Malone SM, McGue M (2008) Behavioral disinhibition and the development 

of early-onset addiction: common and specific influences. Annu Rev Clin Psychol 

4: 325-48 

James MH, Charnley JL, Levi EM, Jones E, Yeoh JW, Smith DW, Dayas CV (2011) 

Orexin-1 receptor signalling within the ventral tegmental area, but not the 

paraventricular thalamus, is critical to regulating cue-induced reinstatement of 

cocaine-seeking. Int J Neuropsychopharmacol 14: 684-90 

Janowsky DS, Pucilowski O, Buyinza M (2003) Preference for higher sucrose 

concentrations in cocaine abusing-dependent patients. J Psychiatr Res 37: 35-41 

Johnson SW, North RA (1992) Opioids excite dopamine neurons by hyperpolarization of 

local interneurons. J Neurosci 12: 483-8 

Jorgensen CH, Pedersen B, Tonnesen H (2011) The efficacy of disulfiram for the 

treatment of alcohol use disorder. Alcohol Clin Exp Res 35: 1749-58 

Kabbaj M (2006) Individual differences in vulnerability to drug abuse: the high 

responders/low responders model. CNS Neurol Disord Drug Targets 5: 513-20 



 

100 

 

Kabbaj M, Devine DP, Savage VR, Akil H (2000) Neurobiological correlates of 

individual differences in novelty-seeking behavior in the rat: differential 

expression of stress-related molecules. J Neurosci 20: 6983-8 

Kahn R, Biswas K, Childress AR, Shoptaw S, Fudala PJ, Gorgon L, Montoya I, Collins J, 

McSherry F, Li SH, Chiang N, Alathari H, Watson D, Liberto J, Beresford T, 

Stock C, Wallace C, Gruber V, Elkashef A (2009) Multi-center trial of baclofen 

for abstinence initiation in severe cocaine-dependent individuals. Drug Alcohol 

Depend 103: 59-64 

Kampov-Polevoy A, Garbutt JC, Janowsky D (1997) Evidence of preference for a high-

concentration sucrose solution in alcoholic men. Am J Psychiatry 154: 269-70 

Kampov-Polevoy AB, Garbutt JC, Davis CE, Janowsky DS (1998) Preference for higher 

sugar concentrations and Tridimensional Personality Questionnaire scores in 

alcoholic and nonalcoholic men. Alcohol Clin Exp Res 22: 610-4 

Kampov-Polevoy AB, Garbutt JC, Khalitov E (2003) Family history of alcoholism and 

response to sweets. Alcohol Clin Exp Res 27: 1743-9 

Kampov-Polevoy AB, Tsoi MV, Zvartau EE, Neznanov NG, Khalitov E (2001) Sweet 

liking and family history of alcoholism in hospitalized alcoholic and non-

alcoholic patients. Alcohol Alcohol 36: 165-70 

Karila L, Gorelick D, Weinstein A, Noble F, Benyamina A, Coscas S, Blecha L, 

Lowenstein W, Martinot JL, Reynaud M, Lepine JP (2008) New treatments for 

cocaine dependence: a focused review. Int J Neuropsychopharmacol 11: 425-38 



 

101 

 

Kendler KS, Neale MC, Sullivan P, Corey LA, Gardner CO, Prescott CA (1999) A 

population-based twin study in women of smoking initiation and nicotine 

dependence. Psychol Med 29: 299-308 

Kendler KS, Prescott CA (1998) Cocaine use, abuse and dependence in a population-

based sample of female twins. Br J Psychiatry 173: 345-50 

Keskitalo K, Knaapila A, Kallela M, Palotie A, Wessman M, Sammalisto S, Peltonen L, 

Tuorila H, Perola M (2007a) Sweet taste preferences are partly genetically 

determined: identification of a trait locus on chromosome 16. Am J Clin Nutr 86: 

55-63 

Keskitalo K, Tuorila H, Spector TD, Cherkas LF, Knaapila A, Kaprio J, Silventoinen K, 

Perola M (2008) The Three-Factor Eating Questionnaire, body mass index, and 

responses to sweet and salty fatty foods: a twin study of genetic and 

environmental associations. Am J Clin Nutr 88: 263-71 

Keskitalo K, Tuorila H, Spector TD, Cherkas LF, Knaapila A, Silventoinen K, Perola M 

(2007b) Same genetic components underlie different measures of sweet taste 

preference. Am J Clin Nutr 86: 1663-9 

Kieling C, Genro JP, Hutz MH, Rohde LA (2010) A current update on ADHD 

pharmacogenomics. Pharmacogenomics 11: 407-19 

Klebaur JE, Bevins RA, Segar TM, Bardo MT (2001) Individual differences in 

behavioral responses to novelty and amphetamine self-administration in male and 

female rats. Behav Pharmacol 12: 267-75 

Koob G, Kreek MJ (2007) Stress, dysregulation of drug reward pathways, and the 

transition to drug dependence. Am J Psychiatry 164: 1149-59 



 

102 

 

Koob GF (2009) Dynamics of neuronal circuits in addiction: reward, antireward, and 

emotional memory. Pharmacopsychiatry 42 Suppl 1: S32-41 

Kosten TA, Ambrosio E (2002) HPA axis function and drug addictive behaviors: insights 

from studies with Lewis and Fischer 344 inbred rats. Psychoneuroendocrinology 

27: 35-69 

Kosten TA, Miserendino MJ, Chi S, Nestler EJ (1994) Fischer and Lewis rat strains show 

differential cocaine effects in conditioned place preference and behavioral 

sensitization but not in locomotor activity or conditioned taste aversion. J 

Pharmacol Exp Ther 269: 137-44 

Kosten TA, Miserendino MJ, Haile CN, DeCaprio JL, Jatlow PI, Nestler EJ (1997) 

Acquisition and maintenance of intravenous cocaine self-administration in Lewis 

and Fischer inbred rat strains. Brain Res 778: 418-29 

Kosten TR, Wu G, Huang W, Harding MJ, Hamon SC, Lappalainen J, Nielsen DA 

(2012) Pharmacogenetic Randomized Trial for Cocaine Abuse: Disulfiram and 

Dopamine beta-Hydroxylase. Biol Psychiatry  

Kruzich PJ, Xi J (2006) Different patterns of pharmacological reinstatement of cocaine-

seeking behavior between Fischer 344 and Lewis rats. Psychopharmacology 

(Berl) 187: 22-9 

Laaksonen E, Lahti J, Sinclair JD, Heinala P, Alho H (2011) Predictors for the efficacy of 

naltrexone treatment in alcohol dependence: sweet preference. Alcohol Alcohol 

46: 308-11 



 

103 

 

Laconi MR, Reggiani PC, Penissi A, Yunes R, Cabrera RJ (2007) Allopregnanolone 

modulates striatal dopamingergic activity of rats under different gonadal 

hormones conditions. Neurol Res 29: 622-7 

Lange LA, Kampov-Polevoy AB, Garbutt JC (2010) Sweet liking and high novelty 

seeking: independent phenotypes associated with alcohol-related problems. 

Alcohol Alcohol 45: 431-6 

Larson EB, Anker JJ, Gliddon LA, Fons KS, Carroll ME (2007) Effects of estrogen and 

progesterone on the escalation of cocaine self-administration in female rats during 

extended access. Exp Clin Psychopharmacol 15: 461-71 

Larson EB, Carroll ME (2005) Wheel running as a predictor of cocaine self-

administration and reinstatement in female rats. Pharmacol Biochem Behav 82: 

590-600 

Laudet AB, Stanick V, Sands B (2009) What could the program have done differently? A 

qualitative examination of reasons for leaving outpatient treatment. J Subst Abuse 

Treat 37: 182-90 

Leggio L, Garbutt JC, Addolorato G (2010) Effectiveness and safety of baclofen in the 

treatment of alcohol dependent patients. CNS Neurol Disord Drug Targets 9: 33-

44 

Lemon CH, Brasser SM, Smith DV (2004) Alcohol activates a sucrose-responsive 

gustatory neural pathway. J Neurophysiol 92: 536-44 

Li TK, Lumeng L, Doolittle DP (1993) Selective breeding for alcohol preference and 

associated responses. Behav Genet 23: 163-70 



 

104 

 

Ling W, Shoptaw S, Majewska D (1998) Baclofen as a cocaine anti-craving medication: 

a preliminary clinical study. Neuropsychopharmacology 18: 403-4 

Lovallo WR (2006) Cortisol secretion patterns in addiction and addiction risk. Int J 

Psychophysiol 59: 195-202 

Lovic V, Saunders BT, Yager LM, Robinson TE (2011) Rats prone to attribute incentive 

salience to reward cues are also prone to impulsive action. Behav Brain Res 223: 

255-61 

Lu K, McDaniel AH, Tordoff MG, Li X, Beauchamp GK, Bachmanov AA, VanderWeele 

DA, Chapman CD, Dess NK, Huang L, Wang H, Reed DR (2005) No relationship 

between sequence variation in protein coding regions of the Tas1r3 gene and 

saccharin preference in rats. Chem Senses 30: 231-40 

Lush IE (1989) The genetics of tasting in mice. VI. Saccharin, acesulfame, dulcin and 

sucrose. Genet Res 53: 95-9 

Lynch WJ, Carroll ME (2000) Reinstatement of cocaine self-administration in rats: sex 

differences. Psychopharmacology (Berl) 148: 196-200 

Mackillop J, Amlung MT, Few LR, Ray LA, Sweet LH, Munafo MR (2011) Delayed 

reward discounting and addictive behavior: a meta-analysis. Psychopharmacology 

(Berl) 216: 305-21 

MacKillop J, Kahler CW (2009) Delayed reward discounting predicts treatment response 

for heavy drinkers receiving smoking cessation treatment. Drug Alcohol Depend 

104: 197-203 

Mann K, Hermann D (2010) Individualised treatment in alcohol-dependent patients. Eur 

Arch Psychiatry Clin Neurosci 260 Suppl 2: S116-20 



 

105 

 

Mantsch JR, Baker DA, Serge JP, Hoks MA, Francis DM, Katz ES (2008) Surgical 

adrenalectomy with diurnal corticosterone replacement slows escalation and 

prevents the augmentation of cocaine-induced reinstatement in rats self-

administering cocaine under long-access conditions. Neuropsychopharmacology 

33: 814-26 

Mardones J, Segovia N, Hederra A (1953) Heredity of experimental alcohol preference in 

rats. II. Coefficient of heredity. Q J Stud Alcohol 14: 1-2 

Margolis EB, Toy B, Himmels P, Morales M, Fields HL (2012) Identification of rat 

ventral tegmental area GABAergic neurons. PLoS One 7: e42365 

McBride WJ, Li TK (1998) Animal models of alcoholism: neurobiology of high alcohol-

drinking behavior in rodents. Crit Rev Neurobiol 12: 339-69 

McLaughlin IB, Dess NK, Chapman CD (2011) Modulation of methylphenidate effects 

on wheel running and acoustic startle by acute food deprivation in commercially 

and selectively bred rats. Pharmacol Biochem Behav 97: 500-8 

McNeely J, Sherman S (2011) Review: Acamprosate increases abstinence in patients 

with alcohol dependence. Ann Intern Med 154: JC1-10 

Merikangas KR, Risch N (2003) Genomic priorities and public health. Science 302: 599-

601 

Middleton M, Sarno M, Agarwala SS, Glaspy J, Laurent A, McMasters K, Naredi P, 

O'Day S, Whitman E, Danson S, Cosford R, Gehlsen K (2002) Pharmacokinetics 

of histamine dihydrochloride in healthy volunteers and cancer patients: 

implications for combined immunotherapy with interleukin-2. J Clin Pharmacol 

42: 774-81 



 

106 

 

Miller BC, Fan X, Christensen M, Grotevant HD, van Dulmen M (2000) Comparisons of 

adopted and nonadopted adolescents in a large, nationally representative sample. 

Child Dev 71: 1458-73 

Moorman DE, Aston-Jones G (2009) Orexin-1 receptor antagonism decreases ethanol 

consumption and preference selectively in high-ethanol--preferring Sprague--

Dawley rats. Alcohol 43: 379-86 

Moreno M, Cardona D, Gomez MJ, Sanchez-Santed F, Tobena A, Fernandez-Teruel A, 

Campa L, Sunol C, Escarabajal MD, Torres C, Flores P (2010) Impulsivity 

characterization in the Roman high- and low-avoidance rat strains: behavioral and 

neurochemical differences. Neuropsychopharmacology 35: 1198-208 

Nachman M (1959) The inheritance of saccharin preference. J Comp Physiol Psychol 52: 

451-7 

National Center for Health Statistics (U.S.), National Center for Health Statistics (U.S.). 

(2011) Health in the United States. U.S. Dept. of Health, Education, and Welfare, 

Public Health Service, Health Resources Administration, U.S. Dept. of Health, 

Education, and Welfare, Public Health Service, Health Resources Administration 

National Research Council (U.S.). Committee for the Update of the Guide for the Care 

and Use of Laboratory Animals., Institute for Laboratory Animal Research (U.S.), 

National Academies Press (U.S.) (2011) Guide for the care and use of laboratory 

animals, 8th edn. National Academies Press, National Academies Press 

Negus SS (2005) Effects of punishment on choice between cocaine and food in rhesus 

monkeys. Psychopharmacology (Berl) 181: 244-52 



 

107 

 

Oberlin BG, Grahame NJ (2009) High-alcohol preferring mice are more impulsive than 

low-alcohol preferring mice as measured in the delay discounting task. Alcohol 

Clin Exp Res 33: 1294-303 

Ooteman W, Naassila M, Koeter MW, Verheul R, Schippers GM, Houchi H, Daoust M, 

van den Brink W (2009) Predicting the effect of naltrexone and acamprosate in 

alcohol-dependent patients using genetic indicators. Addict Biol 14: 328-37 

Oroszi G, Anton RF, O'Malley S, Swift R, Pettinati H, Couper D, Yuan Q, Goldman D 

(2009) OPRM1 Asn40Asp predicts response to naltrexone treatment: a haplotype-

based approach. Alcohol Clin Exp Res 33: 383-93 

Overstreet DH, Kampov-Polevoy AB, Rezvani AH, Murrelle L, Halikas JA, Janowsky 

DS (1993) Saccharin intake predicts ethanol intake in genetically heterogeneous 

rats as well as different rat strains. Alcohol Clin Exp Res 17: 366-9 

Pelchat ML, Danowski S (1992) A possible genetic association between PROP-tasting 

and alcoholism. Physiol Behav 51: 1261-6 

Pelz WE, Whitney G, Smith JC (1973) Genetic influences on saccharin preference of 

mice. Physiol Behav 10: 263-5 

Pepino MY, Mennella JA (2007) Effects of cigarette smoking and family history of 

alcoholism on sweet taste perception and food cravings in women. Alcohol Clin 

Exp Res 31: 1891-9 

Perry JL, Carroll ME (2008) The role of impulsive behavior in drug abuse. 

Psychopharmacology (Berl) 200: 1-26 



 

108 

 

Perry JL, Larson EB, German JP, Madden GJ, Carroll ME (2005) Impulsivity (delay 

discounting) as a predictor of acquisition of IV cocaine self-administration in 

female rats. Psychopharmacology (Berl) 178: 193-201 

Perry JL, Morgan AD, Anker JJ, Dess NK, Carroll ME (2006) Escalation of i.v. cocaine 

self-administration and reinstatement of cocaine-seeking behavior in rats bred for 

high and low saccharin intake. Psychopharmacology (Berl) 186: 235-45 

Perry JL, Nelson SE, Anderson MM, Morgan AD, Carroll ME (2007) Impulsivity (delay 

discounting) for food and cocaine in male and female rats selectively bred for 

high and low saccharin intake. Pharmacol Biochem Behav 86: 822-37 

Perry JL, Nelson SE, Carroll ME (2008) Impulsive choice as a predictor of acquisition of 

IV cocaine self- administration and reinstatement of cocaine-seeking behavior in 

male and female rats. Exp Clin Psychopharmacol 16: 165-77 

Peyron C, Tighe DK, van den Pol AN, de Lecea L, Heller HC, Sutcliffe JG, Kilduff TS 

(1998) Neurons containing hypocretin (orexin) project to multiple neuronal 

systems. J Neurosci 18: 9996-10015 

Phillips TJ, Dudek BC (1991) Locomotor activity responses to ethanol in selectively bred 

long- and short-sleep mice, two inbred mouse strains, and their F1 hybrids. 

Alcohol Clin Exp Res 15: 255-61 

Piazza PV, Deminiere JM, Le Moal M, Simon H (1989) Factors that predict individual 

vulnerability to amphetamine self-administration. Science 245: 1511-3 

Piazza PV, Deminiere JM, Maccari S, Mormede P, Le Moal M, Simon H (1990) 

Individual reactivity to novelty predicts probability of amphetamine self-

administration. Behav Pharmacol 1: 339-345 



 

109 

 

Pisula W (2003) The Roman high- and low-avoidance rats respond differently to novelty 

in a familiarized environment. Behav Processes 63: 63-72 

Pomerleau CS, Garcia AW, Drewnowski A, Pomerleau OF (1991) Sweet taste preference 

in women smokers: comparison with nonsmokers and effects of menstrual phase 

and nicotine abstinence. Pharmacol Biochem Behav 40: 995-9 

Poulos CX, Le AD, Parker JL (1995) Impulsivity predicts individual susceptibility to 

high levels of alcohol self-administration. Behav Pharmacol 6: 810-814 

Prescott CA, Kendler KS (1999) Genetic and environmental contributions to alcohol 

abuse and dependence in a population-based sample of male twins. Am J 

Psychiatry 156: 34-40 

Ramirez I, Fuller JL (1976) Genetic influence on water and sweetened water 

consumption in mice. Physiol Behav 16: 163-8 

Razafimanalina R, Mormede P, Velley L (1996) Gustatory preference-aversion profiles 

for saccharin, quinine and alcohol in Roman high- and low-avoidance lines. 

Behav Pharmacol 7: 78-84 

Reed DR, Bachmanov AA, Beauchamp GK, Tordoff MG, Price RA (1997) Heritable 

variation in food preferences and their contribution to obesity. Behav Genet 27: 

373-87 

Regier PS, Carroll ME, Meisel RL (2012) Cocaine-induced c-Fos expression in rats 

selectively bred for high or low saccharin intake and in rats selected for high or 

low impulsivity. Behav Brain Res 233: 271-9 

Richardson K, Norgate S (2005) The equal environments assumption of classical twin 

studies may not hold. Br J Educ Psychol 75: 339-50 



 

110 

 

Riley AL (2011) The paradox of drug taking: the role of the aversive effects of drugs. 

Physiol Behav 103: 69-78 

Riley EP, Worsham ED, Lester D, Freed EX (1977) Selective breeding of rats for 

differences in reactivity to alcohol. An approach to an animal model of 

alcoholism. II. Behavioral measures. J Stud Alcohol 38: 1705-17 

Ritz MC, Lamb RJ, Goldberg SR, Kuhar MJ (1987) Cocaine receptors on dopamine 

transporters are related to self-administration of cocaine. Science 237: 1219-23 

Roberts DC (2005) Preclinical evidence for GABAB agonists as a pharmacotherapy for 

cocaine addiction. Physiol Behav 86: 18-20 

Roberts DC, Andrews MM (1997) Baclofen suppression of cocaine self-administration: 

demonstration using a discrete trials procedure. Psychopharmacology (Berl) 131: 

271-7 

Rodgers RJ, Halford JC, Nunes de Souza RL, Canto de Souza AL, Piper DC, Arch JR, 

Upton N, Porter RA, Johns A, Blundell JE (2001) SB-334867, a selective orexin-

1 receptor antagonist, enhances behavioural satiety and blocks the hyperphagic 

effect of orexin-A in rats. Eur J Neurosci 13: 1444-52 

Rose B, Browne JSL (1938) The distribution and rate of disappearance of intravenously 

injected histamine in the rat. Am J Physiol 124: 412-420 

Roth ME, Carroll ME (2004) Sex differences in the escalation of intravenous cocaine 

intake following long- or short-access to cocaine self-administration. Pharmacol 

Biochem Behav 78: 199-207 



 

111 

 

Rouge-Pont F, Mayo W, Marinelli M, Gingras M, Le Moal M, Piazza PV (2002) The 

neurosteroid allopregnanolone increases dopamine release and dopaminergic 

response to morphine in the rat nucleus accumbens. Eur J Neurosci 16: 169-73 

Saunders BT, Robinson TE (2011) Individual variation in the motivational properties of 

cocaine. Neuropsychopharmacology 36: 1668-76 

Schosser A, Kasper S (2009) The role of pharmacogenetics in the treatment of depression 

and anxiety disorders. Int Clin Psychopharmacol 24: 277-88 

Sershen H, Hashim A, Lajtha A (1998) Gender differences in kappa-opioid modulation of 

cocaine-induced behavior and NMDA-evoked dopamine release. Brain Res 801: 

67-71 

Setiawan E, Pihl RO, Cox SM, Gianoulakis C, Palmour RM, Benkelfat C, Leyton M 

(2011) The Effect of Naltrexone on Alcohol's Stimulant Properties and Self-

Administration Behavior in Social Drinkers: Influence of Gender and Genotype. 

Alcohol Clin Exp Res 35: 1134-41 

Shoblock JR, Welty N, Aluisio L, Fraser I, Motley ST, Morton K, Palmer J, Bonaventure 

P, Carruthers NI, Lovenberg TW, Boggs J, Galici R (2011) Selective blockade of 

the orexin-2 receptor attenuates ethanol self-administration, place preference, and 

reinstatement. Psychopharmacology (Berl) 215: 191-203 

Sinclair JD, Kampov-Polevoy A, Stewart R, Li TK (1992) Taste preferences in rat lines 

selected for low and high alcohol consumption. Alcohol 9: 155-60 

Sinha R (2008) Chronic stress, drug use, and vulnerability to addiction. Ann N Y Acad 

Sci 1141: 105-30 



 

112 

 

Smelson D, Yu L, Buyske S, Gonzalez G, Tischfield J, Deutsch CK, Ziedonis D (2012) 

Genetic Association of GABA-A Receptor Alpha-2 and Mu Opioid Receptor with 

Cocaine Cue-Reactivity: Evidence for Inhibitory Synaptic Neurotransmission 

Involvement in Cocaine Dependence. Am J Addict 21: 411-5 

Smith MA, Yancey DL, Morgan D, Liu Y, Froestl W, Roberts DC (2004) Effects of 

positive allosteric modulators of the GABAB receptor on cocaine self-

administration in rats. Psychopharmacology (Berl) 173: 105-11 

Smolen A, Marks MJ, DeFries JC, Henderson ND (1994) Individual differences in 

sensitivity to nicotine in mice: response to six generations of selective breeding. 

Pharmacol Biochem Behav 49: 531-40 

Sofuoglu M, Babb DA, Hatsukami DK (2002) Effects of progesterone treatment on 

smoked cocaine response in women. Pharmacol Biochem Behav 72: 431-5 

Sofuoglu M, Dudish-Poulsen S, Nelson D, Pentel PR, Hatsukami DK (1999) Sex and 

menstrual cycle differences in the subjective effects from smoked cocaine in 

humans. Exp Clin Psychopharmacol 7: 274-83 

Sofuoglu M, Mitchell E, Kosten TR (2004) Effects of progesterone treatment on cocaine 

responses in male and female cocaine users. Pharmacol Biochem Behav 78: 699-

705 

Specio SE, Wee S, O'Dell LE, Boutrel B, Zorrilla EP, Koob GF (2008) CRF(1) receptor 

antagonists attenuate escalated cocaine self-administration in rats. 

Psychopharmacology (Berl) 196: 473-82 

Srinivasan S, Simms JA, Nielsen CK, Lieske SP, Bito-Onon JJ, Yi H, Hopf FW, Bonci 

A, Bartlett SE (2012) The dual orexin/hypocretin receptor antagonist, almorexant, 



 

113 

 

in the ventral tegmental area attenuates ethanol self-administration. PLoS One 7: 

e44726 

Stark MJ (1992) Dropping out of Substance-Abuse Treatment - a Clinically Oriented 

Review. Clinical Psychology Review 12: 93-116 

Stead JD, Clinton S, Neal C, Schneider J, Jama A, Miller S, Vazquez DM, Watson SJ, 

Akil H (2006) Selective breeding for divergence in novelty-seeking traits: 

heritability and enrichment in spontaneous anxiety-related behaviors. Behav 

Genet 36: 697-712 

Steiner MA, Lecourt H, Jenck F (2012) The dual orexin receptor antagonist almorexant, 

alone and in combination with morphine, cocaine and amphetamine, on 

conditioned place preference and locomotor sensitization in the rat. Int J 

Neuropsychopharmacol: 1-16 

Stewart RB, Russell RN, Lumeng L, Li TK, Murphy JM (1994) Consumption of sweet, 

salty, sour, and bitter solutions by selectively bred alcohol-preferring and alcohol-

nonpreferring lines of rats. Alcohol Clin Exp Res 18: 375-81 

Sturgess JE, George TP, Kennedy JL, Heinz A, Muller DJ (2011) Pharmacogenetics of 

alcohol, nicotine and drug addiction treatments. Addict Biol 16: 357-76 

Suzuki T, George FR, Meisch RA (1988) Differential establishment and maintenance of 

oral ethanol reinforced behavior in Lewis and Fischer 344 inbred rat strains. J 

Pharmacol Exp Ther 245: 164-70 

Swendsen J, Le Moal M (2011) Individual vulnerability to addiction. Ann N Y Acad Sci 

1216: 73-85 



 

114 

 

Taha SA, Norsted E, Lee LS, Lang PD, Lee BS, Woolley JD, Fields HL (2006) 

Endogenous opioids encode relative taste preference. Eur J Neurosci 24: 1220-6 

Thompson JL, Borgland SL (2011) A role for hypocretin/orexin in motivation. Behav 

Brain Res 217: 446-53 

Tzilos GK, Rhodes GL, Ledgerwood DM, Greenwald MK (2009) Predicting cocaine 

group treatment outcome in cocaine-abusing methadone patients. Exp Clin 

Psychopharmacol 17: 320-5 

Uhl GR, Drgon T, Johnson C, Liu QR (2009) Addiction genetics and pleiotropic effects 

of common haplotypes that make polygenic contributions to vulnerability to 

substance dependence. J Neurogenet 23: 272-82 

Ungless MA, Argilli E, Bonci A (2010) Effects of stress and aversion on dopamine 

neurons: implications for addiction. Neurosci Biobehav Rev 35: 151-6 

Vallender EJ, Ruedi-Bettschen D, Miller GM, Platt DM (2010) A pharmacogenetic 

model of naltrexone-induced attenuation of alcohol consumption in rhesus 

monkeys. Drug Alcohol Depend 109: 252-6 

Vogel-Sprott MD, Banks RK (1965) The effect of delayed punishment on an 

immediately rewarded response in alcoholics and nonalcoholics. Behav Res Ther 

3: 69-73 

Weerts EM, Froestl W, Kaminski BJ, Griffiths RR (2007) Attenuation of cocaine-seeking 

by GABA B receptor agonists baclofen and CGP44532 but not the GABA 

reuptake inhibitor tiagabine in baboons. Drug Alcohol Depend 89: 206-13 

Weiss G (1982) Food fantasies of incarcerated drug users. Int J Addict 17: 905-12 



 

115 

 

Weisshaar E, Grull V, Konig A, Schweinfurth D, Diepgen TL, Eckart WU (2009) The 

symptom of itch in medical history: highlights through the centuries. Int J 

Dermatol 48: 1385-94 

Wheeler JM, Reed C, Burkhart-Kasch S, Li N, Cunningham CL, Janowsky A, Franken 

FH, Wiren KM, Hashimoto JG, Scibelli AC, Phillips TJ (2009) Genetically 

correlated effects of selective breeding for high and low methamphetamine 

consumption. Genes Brain Behav 8: 758-71 

Wilhelm CJ, Reeves JM, Phillips TJ, Mitchell SH (2007) Mouse lines selected for 

alcohol consumption differ on certain measures of impulsivity. Alcohol Clin Exp 

Res 31: 1839-45 

Woolverton WL, Freeman KB, Myerson J, Green L (2012) Suppression of cocaine self-

administration in monkeys: effects of delayed punishment. Psychopharmacology 

(Berl) 220: 509-17 

Wronski M, Skrok-Wolska D, Samochowiec J, Ziolkowski M, Swiecicki L, Bienkowski 

P, Korkosz A, Zatorski P, Kukwa W, Scinska A (2007) Perceived intensity and 

pleasantness of sucrose taste in male alcoholics. Alcohol Alcohol 42: 75-9 

Wuis EW, Dirks MJ, Vree TB, Van der Kleijn E (1990) Pharmacokinetics of baclofen in 

spastic patients receiving multiple oral doses. Pharm Weekbl Sci 12: 71-4 

Yakovenko V, Speidel ER, Chapman CD, Dess NK (2011) Food dependence in rats 

selectively bred for low versus high saccharin intake: implications for "food 

addiction". Appetite 57: 397-400 

 

 


