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ABSTRACT 

 

INVESTIGATING THE BEHAVIOURAL AND NEUROBIOLOGICAL BASES OF A 

MORPHINE OCCASION SETTER 

Caitlin Joyce Nolan 

University of Guelph, 2022

Advisor(s): 

Dr. Elena Choleris 

 

Interoceptive stimuli elicited by drugs of abuse form associations with 

exteroceptive cues. Feature positive (FP) and feature negative (FN) occasion setters 

can disambiguate associations of exteroceptive conditioned stimuli and appetitive 

unconditioned stimuli. Here we investigate effect of this learning history on morphine 

reward. Male and female rats were assigned to FP or FN training, and received daily 

alternating morphine or saline injections before each training session. On morphine 

sessions, FP rats received white noise presentations that were followed by sucrose; 

sucrose was withheld on saline sessions. FN rats learned the opposite contingency. 

After discrimination, rats underwent place conditioning where morphine was paired with 

a distinctive context of a 2-sided chamber. In pairing sessions, rats received alternating 

morphine or saline injections. During test, rats had access to both sides with no 

injections. Regardless of training history, male rats spent more time on the morphine-

paired side. In female rats, however, FN learning inhibited morphine reward. These data 

indicate that a history of occasion setting learning affects the rewarding value of 

morphine differently in male and female rats.   
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1 Introduction 

1.1 Pharmacology of Opioids 

Opiates are naturally occurring alkaloids derived from the opium poppy, and 

include morphine, codeine, and thebaine. In contrast, the broader term ‘opioid’ includes 

semisynthetic and synthetic derivates such as heroin, oxycodone, fentanyl and, 

methadone; as well as endogenous neuropeptides; β-endorphins, Met-enkephalins and 

Leu-enkephalins, dynorphins, and endomorphins.1 Endogenous neuropeptides are 

cleaved from propeptides pro-opiomelanocortin (POMC), proenkephalin, and 

prodynorphin, respectively. The propeptide for endomorphin remains unknown (Stein, 

2016, 2018). 

The endogenous opioid system consists of three classical opioid receptors; μ-

opioid receptor (MOR), δ-opioid receptor (DOR) and κ-opioid receptor (KOR). Additional 

opioid receptors have been identified, including nociceptin/orphanin FQ peptide receptor 

(opioid receptor-like 1), σ-opioid receptor, ϵ-opioid receptor, however have little affinity 

for opioid neuropeptides (Lee & Ho, 2013; Stein, 2016, 2018). β-endorphins and 

enkephalins are antinociceptive in nature and bind to both MOR and DORs. Dynorphins 

bind primarily to KOR receptors, and elicit antinociceptive effects, but also bind to N-

methyl-D-aspartate (NMDA) receptors where they can elicit pro-nociceptive effects (Lee 

& Ho, 2013; Stein, 2016, 2018). 

Behavioural effects of opioids are largely dependent on the opioid receptor type 

with which they interact (Spanagel et al., 1992). Endomorphins are highly selectively to 

MORs and are antinociceptive in nature. Classic opioid receptors expressed by neurons 

 

1 For the purposes of this thesis, all opiate and opioid compounds will be termed opioids.  
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in the peripheral and central nervous system have highly differing effects (Stein, 2016, 

2018). MORs produce analgesia by inhibiting pain transmission at the spinal cord and 

activation of descending modulatory pathways (Fields, 2004, 2007). MORs are present 

in areas of this pain-modulating circuit including the insular cortex, amygdala, 

hypothalamus, periaqueductal gray, rostral ventromedial medulla dorsolateral pontine 

tegmentum, and the spinal cord dorsal horn (Fields, 2004, 2007). Specifically, the 

periaqueductal gray indirectly controls pain transmission in the dorsal horn through the 

rostral ventromedial medulla (Fields, 2004, 2007). Indeed, in male rodent models, 

administration of MOR agonists to these areas inhibits behavioural responses to 

noxious stimuli, and lesions or administration of opioid antagonists to these regions 

block the analgesic effect of systemic MOR agonists (Fields, 2004, 2007). 

MORs are further abundant in the mesolimbic dopamine (DA) pathway, 

extending from the ventral tegmental area (VTA) to the ventral striatum, which includes 

the nucleus accumbens (NAc), an area traditionally implicated in reinforcement and 

reward for drugs of abuse, in both human and non-human animals (Koob, 1992; 

Robinson & Berridge, 2000; Wise & Rompre, 1989). Systemic MOR and DOR agonists 

produce reinforcement, whereas KORs produce aversion (Le Merrer et al., 2009). For 

instance, MOR agonists, such as morphine, have an inhibitory effect on γ-aminobutyric 

acid (GABA)-ergic cells the VTA, allowing for increased firing of DA cells in the NAc 

(Badiani et al., 2011; Pierce & Kumaresan, 2006; Severino et al., 2020). In contrast, in 

male rodent studies, when KOR agonists are microinjected into the VTA they reduce DA 

in the NAc and produce aversion, thereby suggesting that opioids have receptor-specific 

opposing effects on mesolimbic DA (Di Chiara & Imperato, 1988; Shippenberg et al., 

1992). 

1.2 Opioid Epidemic 

Opioids are an effective method of pain treatment in humans, as they are potent 

analgesics; however, one side effect is that they elicit strong feelings of euphoria and 

thus high addiction potential, often leading to opioid use disorders (OUDs) (Stein, 2016, 
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2018). Substance use disorders (SUDs), such as OUDs, are chronically relapsing 

disorders that can characterized by a compulsion to seek out and take a drug, loss of 

control over intake of the drug, and the emergence of a negative emotional state when 

drug is unavailable (Koob & Le Moal, 1997, 2001; Koob & Schulkin, 2019). Those with 

SUDs show a preoccupation with the drug and/or behaviours to obtain the drug, as well 

as continued use despite negative consequences (Koob & Le Moal, 1997, 2001; Koob & 

Schulkin, 2019). 

The high rate of opioid use in both men and women, and subsequently 

increasing number of overdoses globally (UNODC, 2021), has led to an opioid 

epidemic. In 2019, it was reported that approximately 62 million people, 1.2% of the 

global population, use opioids for non-medical purposes and that the number of users 

worldwide has almost doubled in the past decade (UNODC, 2021). Both prescription 

and illicit drug use have contributed to what has become a global epidemic (Special 

Advisory Committee on the Epidemic of Opioid Overdoses, 2021).  

The coronavirus (COVID-19) outbreak has further exacerbated the opioid crisis 

(Special Advisory Committee on the Epidemic of Opioid Overdoses, 2021). Canada and 

the United States of America have seen a spike in opioid overdose deaths since the 

onset of the pandemic (Special Advisory Committee on the Epidemic of Opioid 

Overdoses, 2021). Due to limited availability of in-person support and treatment, and an 

inability to cope with additional stressors, an individual who struggles with SUD can be 

tempted to abuse drugs (Koob et al., 2020). In Canada there has been a 66% increase 

of opioid related deaths from 2019 (Special Advisory Committee on the Epidemic of 

Opioid Overdoses, 2021). Importantly, a significant sex difference is evident in that from 

January to December 2020, the large majority (77%) of accidental opioid overdoses 

were men (Special Advisory Committee on the Epidemic of Opioid Overdoses, 2021). 

Thus, careful consideration for sex in preclinical and clinical studies is warranted.  
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1.2.1 Pharmacological Treatment   

 Medication-assisted treatment in men and women has focuses on targeting 

MORs to alleviate withdrawal symptoms, maintenance of discontinuation, and acute 

overdose (Blanco & Volkow, 2019). The MOR agonist, methadone, and partial MOR 

agonist/KOR antagonist, buprenorphine are used in medically supervised withdrawal, 

and reduce drug craving and relapse. Although agonists have high abuse potential, they 

are considered first-line maintenance treatments (Blanco & Volkow, 2019; Jordan, Cao, 

et al., 2019). MOR antagonists such as naloxone and naltrexone lack abuse potential, 

and are effective as treatments for reversing opioid overdoses due to their ability to 

displace opioid drugs and block subsequent respiratory decreasing effects (Blanco & 

Volkow, 2019; Jordan, Cao, et al., 2019). Aside from the risk of abuse of agonists such 

as methadone, pharmacological treatments have high rates of discontinuation, and 

limited effectiveness in preventing relapse (Galaj, Newman, et al., 2020).  

1.3 Pavlovian Conditioning 

In an attempt to better understand the control that drugs of abuse have on 

behaviour, research on SUDs in both human and non-human animals, commonly 

emphasizes the role of environmental stimuli that come to be associated with the 

hedonic effects of drugs of abuse, an association thought to be a major factor 

contributing to the development of disordered substance use (Koob & Le Moal, 2005). 

In Pavlovian conditioning theory, an association between two stimuli is learned 

with one stimulus being neutral and the other being unconditioned. The unconditioned 

stimulus (US) elicits an unconditioned response (UCR). When a US is reliably predicted 

by another stimulus, that stimulus elicits a conditioned response (CR) (Pavlov, 1927). 

For example, the sight of a hypodermic syringe can become associated with a drug, and 

predict drug availability (i.e., the US) (Conklin & Tiffany, 2002). Thus, exteroceptive 

stimuli can form a predictive relationship with the rewarding effects of drugs of abuse 

(US) such that it acquires the ability to function as a conditioned stimulus (CS) that 
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triggers reward-seeking behaviour, a CR, and therefore act as incentive stimuli 

(Robinson et al., 2014).  

Such associations are the target in exposure therapy. Extinguishing associations 

of drug-conditioned cues, through repeated exposure in absence of the drug’s 

pharmacological effects, can prevent relapse upon re-exposure to the cues after 

treatment (Bouton, 2014; Bouton & Bolles, 1979; Chesworth & Corbit, 2017; Conklin & 

Tiffany, 2002). Extinction is the repeated exposure of non-reinforced presentations of a 

stimulus (Pavlovian conditioning) or a behaviour (operant conditioning), leading to a 

reduction in conditioned responding (Bouton et al., 2021; Pavlov, 1927; Revillo et al., 

2014). Extinction was originally thought to be the result of unlearning, through 

weakening the CS-US association (Rescorla & Wagner, 1972) or by erasing the CS-US 

association (Quirk et al., 2010). However, it is now thought that extinction forms a new, 

inhibitory association in which the CS predicts no US (CS-noUS) and competes with the 

previously learned association (CS-US) (Pavlov, 1927; Revillo et al., 2014). Supporting 

the second hypothesis, it has been shown that the CR can be recovered, and that the 

association is not unlearned (Revillo et al., 2014).  

The CR can be recovered by the relapse effect, ‘spontaneous recovery,’ in which 

the behaviour can spontaneously return after time. Further, the relapse effect of 

‘reinstatement,’ in which presentation of the US after extinction can cause the 

extinguished response to the CS to recover (Bouton et al., 2021; Revillo et al., 2014). 

Indeed, alcohol seeking due to a CS can be reinstated by a context previously 

associated with alcohol self-administration in comparison to a context with was 

associated with no alcohol availability (Chaudhri, Sahuque, Cone, et al., 2008; 

Remedios et al., 2014; Tsiang & Janak, 2006). Another procedure in which CRs can 

return is ‘rapid reacquisition,’ in which the CS and US are paired again after extinction, 

resulting in the expression of learning emerging faster than when it was first learned 

(Bouton et al., 2021; Revillo et al., 2014). 
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One relapse effect particularly relevant for SUD research, however, is the 

‘renewal effect’. In a typical procedure demonstrating this phenomenon, the CS-US 

association is established in Context A, and the extinction procedure (CS-noUS) is 

conducted in Context B (Bouton et al., 2006, 2021; Revillo et al., 2014). After extinction, 

the CS is then tested again in Context A, and a recovery (renewal) of responding 

occurs, this is an example of ABA renewal (Bouton et al., 2021; Revillo et al., 2014). 

Renewal can also occur in a third neutral, context (ABC renewal). Finally, AAB renewal 

is an example where conditioning and extinction occur in Context A, and renewal occurs 

in a second, distinct, neutral context (Bouton et al., 2021; Revillo et al., 2014). The ABA 

renewal procedure, however, has demonstrated the strongest renewal effects (Bouton 

et al., 2021; Revillo et al., 2014). An important variable that determines the rate and 

strength in which each of these ‘relapse effects’ occurs is the context. In certain 

procedures, using male and female non-human animals, such as fear conditioning and 

appetitive conditioning, the US must be presented again in the context in which the 

associative learning occurred for relapse effects to occur (Bouton et al., 2021). Similarly, 

if reacquisition occurs in the same context as extinction, the rate of reacquisition will be 

slower than if it occurred in the associative learning context (Bouton et al., 2021).  

Thus, given that cue-exposure therapies usually occur in previously unfamiliar 

clinical settings, men and women are vulnerable to relapse when they return to their 

home environments in which therapies did not occur (Bouton, 2014; Bouton & Bolles, 

1979; Chesworth & Corbit, 2017; Conklin & Tiffany, 2002). Responding to drug-

conditioned cues can be ‘renewed’ after extinction training by contexts associated with 

effects of the drugs  (Bossert et al., 2004; Chaudhri, Sahuque, Cone, et al., 2008; 

Remedios et al., 2014; Sciascia et al., 2015; Tsiang & Janak, 2006). Indeed, in male 

rats, contexts can trigger the relapse of responding to ethanol-CSs, and though this 

effect can be reduced by extinguishing responses to ethanol cues in multiple distinct 

contexts (Chaudhri, Sahuque, & Janak, 2008), such a therapeutic option is not practical 

under clinical conditions.  
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1.4 Interoception 

 One stimulus in SUDs that we currently have relatively limited understanding of, 

in both human and non-human animals, is the interoceptive sensations elicited by the 

pharmacological effects of drugs of abuse, which may contribute to drug-seeking 

behaviour. Through Pavlovian conditioning, such perceptible changes have been 

established as an effective cue in guiding behaviour, and are thought to play a critical 

role in the development of SUDs (Bevins & Besheer, 2014; Bevins & Murray, 2011). 

The opponent process theory of SUDs in humans, assumes that both positive and 

negative states elicited by these perceptible interoceptive sensations, are controlled by 

mechanisms of the central nervous system to maintain homeostasis (Solomon & Corbit, 

1974). Motivation to take drugs can stem from the desire to experience hedonic effects 

or to avoid aversive symptoms of withdrawal (Solomon & Corbit, 1974).  

Such interoceptive motivational states activate two opposing processes, the ‘a-

process’ which consists of either positive or negative hedonic effects, and has a fast 

onset and offset, correlating with the intensity and duration of the stimulus. In response 

to the ‘a-process,’ the ‘b-process’ occurs in the opposite direction, with a slower onset, 

slower rate of acquisition, slower rate of decay, and gets stronger with repeated 

exposure. Further, with repeated exposure, the ‘a-process’ builds tolerance, whereas 

the ‘b-process’ sensitizes, and as such appears earlier after the US, and has a longer 

duration  (George et al., 2012; Solomon & Corbit, 1974). 

SUDs in humans are thought to consist of a three-stage cycle that includes 

binge/intoxication, withdrawal/negative affect, and preoccupation/anticipation phases 

(Koob & Le Moal, 1997, 2001). The binge/intoxication phase is thought to be caused by 

dysregulation in incentive salience and habits (Koob & Le Moal, 1997, 2001). The 

withdrawal/negative affect stage is thought to be caused by dysregulation of emotional 

states (Koob & Le Moal, 1997, 2001). And, the preoccupation/anticipation phase is 

thought to be caused by dysregulation in executive functioning (Koob & Le Moal, 1997, 

2001). The binge/intoxication drives allostasis, which is the process of achieving an 
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internal physiological state of equilibrium in the face of perceived environmental 

stressors; whereas, homeostasis is the maintenance of such stable internal 

environment (Koob & Le Moal, 1997, 2001). Allostasis is characterized by a feed-

forward mechanism, as opposed to a negative feed-back mechanism demonstrated in 

homeostasis (Koob & Schulkin, 2019). An allostatic state is reached when there is a 

chronic deviation of regulatory systems from a baseline state, and establishment of a 

new set point (Koob & Le Moal, 2001). The pathology of SUDs are hypothesized to 

involve an increase drug reward set point, and reflects an allostatic adaptation (Koob & 

Le Moal, 2001).  

The male and female human body processes its physiological states to maintain 

homeostasis through the insula by integrating interoceptive sensations (Naqvi & 

Bechara, 2009; Paulus & Stewart, 2014; J. L. Stewart et al., 2020; Thompson, Barrett, 

et al., 2019). Sympathetic afferents transmit sensory information to lamina I of the spinal 

cord, whereas parasympathetic afferents innervate the nucleus of solitary tract. Both the 

lamina I and nucleus of solitary tract integrate information in the parabrachial nucleus 

which in turn projects to the ventromedial posterior nucleus of the thalamus which finally 

projects to the insula (Craig, 2002; Thompson, Bevins, et al., 2019) 

Evidence of insula dysfunction has been seen in men and women with SUDs 

(Naqvi & Bechara, 2009; Paulus & Stewart, 2014; J. L. Stewart et al., 2020). Indeed, 

inactivation of the posterior granular insula (GI) in male rats leads to impairment in 

positive affective learning of the interoceptive effects of morphine, as well as negative 

affective learning to naloxone-precipitated morphine withdrawal (Li et al., 2013). In 

contrast, inactivation of the anterior agranular insula (AI) only leads to impairment in 

negative affective learning to naloxone-precipitated morphine withdrawal (Li et al., 

2013). Thus, it is hypothesized that since initial drug use is generally motivated by a 

positive affective state, such as hedonic experiences, and the later stage of drug use 

may be motivated by avoidance of withdrawal, the GI may play an important role in 

initial drug use, and both the GI and AI may play a role in the latter stages of continued 

drug use (Li et al., 2013). 
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1.5 Drug Discrimination  

To better understand the behavioural role of the interoceptive effects of drugs of 

abuse, drug discrimination studies have been conducted in laboratory rodents, rats and 

mice which allow for differentiation between other drug or non-drug stimuli to guide 

behaviour towards reinforcement. This procedure can be used to determine the 

generalizability of interoceptive sensations of the drug to other drugs and doses 

(Stolerman et al., 2011). A typical two-lever operant drug discrimination task requires 

that rodents such as rats and mice, in a drug-state, to learn that responses on one lever 

result in reinforcement, while the other does not. In the non-drug state, the response 

contingency is reversed. Therefore, animals are reinforced during every session with 

different levers. During test the animal is administered a test dose of the drug, under 

extinction conditions in which neither lever is reinforced. The animal chooses which 

lever to respond on depending on how similar the interoceptive sensations of the test 

drug is to the training drug/no-drug. Thus animals learn to discriminate the interoceptive 

sensations of the drug state from the non-drug state and researchers can determine 

how similarly those sensations feel to sensations elicited by other compounds (Colpaert, 

1999; Colpaert et al., 1975). Drug discrimination procedures can qualitatively assess 

sensitivity to partial and full agonists (Stolerman et al., 2011). Indeed, when a male rat is 

trained using the MOR agonist fentanyl, the rat responds to other MOR agonists, such 

as morphine, in the same manner, and when tested with a non-MOR agonist, such as 

haloperidol, rats responded on the vehicle paired lever (Colpaert et al., 1975).  

Drug discrimination can be assessed quantitatively by looking at the number of 

training sessions required to obtain discrimination, discrimination accuracy, and 

sensitivity determined by the effective dose (ED50) values (Stolerman et al., 2011). 

Further, the nature of drugs is dependent on differing drug doses, therefore, the training 

dose of a drug can determine the discriminability and generalizability to other drugs 

(Stolerman et al., 2011). For instance, a high drug dose is easier to discriminate from a 

low drug dose, than a just-noticeable difference above a no-drug state (Thompson, 
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Bevins, et al., 2019). Indeed, in male rats, decreasing training doses of fentanyl, 

increased accurate lever responding and increased rate of acquisition in opioid and 

non-opioid drugs (Colpaert et al., 1980) as well as with amphetamine and stimulant 

drugs (Stolerman & D’Mello, 1981), and nicotine (Chance et al., 1977; Gasior et al., 

1999). A similar three-lever procedure can also be used which can compare both the 

qualitative ‘drug versus drug,’ as well as the quantitative ‘dose versus dose’ during the 

same test (Sannerud & Ator, 1995; Stolerman et al., 2011; Thompson, Bevins, et al., 

2019).  

In comparison to the operant two and three-lever drug discrimination procedures, 

Pavlovian drug discrimination procedures, also in non-human animals, allow 

examination of associative-learning stimuli that can be related to the interoceptive 

effects of drugs of abuse. The interoceptive effects of nicotine, for instance, can act as a 

drug CS and indicate whether it will be reinforced by a US (CS+) or not (CS-) (Besheer 

et al., 2004). Indeed, in male rats, nicotine has been found to act as a CS predictive of a 

US-sucrose reward, across multiple doses (0.1, 0.2, and 0.4 mg/kg), in which all doses 

acquired conditioning at a similar rate, and resulted in decreased conditioned 

responding as test doses were shifted away from the training dose (Murray & Bevins, 

2007).  

1.6 Occasion Setting 

While there is an abundance of information regarding the role of simple 

associated stimuli in the reward and reinforcement learning, especially in the context of 

SUDs, much less is known about the role of cues that can regulate the predictive and 

motivational value of such associations, a factor often overlooked in treatments of 

SUDs. Occasion setting is a hierarchal variation of a Pavlovian drug discrimination 

procedure used in both human and non-human animals, in which a stimulus can be 

trained to disambiguate the association between a CS and a US (Bevins et al., 2006; 

Holland, 1992; Palmatier et al., 2004). Specifically, feature positive (FP) and feature 

negative (FN) occasion setters (OSs) can be predictive of whether the CS is followed by 
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a US, and can respectively activate or inhibit appetitive US seeking elicited by a CS 

(Holland, 1992; Palmatier & Bevins, 2007). In a FP occasion setting procedure, the OS 

indicates that a CS will be followed by a US. Conversely, a FN preparation indicates 

that the CS is not followed by the US, if it is preceded by an OS (Grahame et al., 1990; 

Holland, 1992; Holland & Bouton, 1999; Ross & Holland, 1982). Occasion setting is also 

one way to examine the mechanisms underlying contextual control of conditioned 

responding as the occasion setter can reduce a context to a brief, discrete event (Fraser 

& Holland, 2019). 

The mechanisms underlying occasion setting discrimination learning allow us to 

elucidate the importance of a feature in Pavlovian conditioning, to better understand the 

role of such associations in SUDs. Elemental theories suggest that FP discriminations 

result in the feature acquiring simple excitatory properties (i.e. conditioned excitor) and 

that FN discriminations result in the feature acquiring simple inhibitory properties (i.e. 

conditioned inhibitor) in which both features directly associate with the US; thus, a CS 

elicits a CR through activating representations of the US (Bouton & Nelson, 2004; 

Rescorla & Wagner, 1972). For example according to the elemental Rescorla-Wagner 

theory, a rat would attribute sucrose reward to the OS (Fraser & Holland, 2019). But it is 

known that an OS can enhance CRs that it could not elicit on its own, thus the OS’s 

behaviour does not rely on activation of the US or CS representation, and it is therefore 

not mediated by elemental associative principles, and the mechanisms are in fact more 

complex (Bonardi et al., 2017; Fraser & Holland, 2019). 

The idea that visual and auditory stimuli elicited differential responding was used 

in a procedure using male rats, in which a visual light stimulus paired with food evoked 

a rearing response and orientation towards the food magazine, whereas an auditory 

noise stimulus paired with food evoked a head-jerk response (Ross & Holland, 1981). If 

elemental theories are correct, then the type of CR should be dictated by the OS and 

not CS; however, if the OS modulates the CS-US association, then the CR should be 

dictated by the CS (Swartzentruber, 1995). Indeed, it was found in male rats that on 

compound trials, in which the auditory OS was presented simultaneously with the visual 
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CS, these stimuli elicited a rearing response, indicating that the light stimulus CS 

obtained excitatory properties (Swartzentruber, 1995). On serial trials, however, in 

which the OS preceded CS, rats acquired excitatory conditioning to the CS, but not to 

the OS, shown by rearing responses only to the CS when the OS preceded it, thus the 

OS is shown to modulate the CS-US association (Swartzentruber, 1995). Thus, 

subsequent theorists found that the conditioned effects of the feature could not be 

explained solely by individual associations with the US, and may not act only as an 

excitor/inhibitor, but also enter into a unique configuration between the CS and US, in 

which the feature acts an OS (Bouton & Nelson, 2004; Holland, 1983).  

According to configural theories, occasion setting procedures are comprised of 

two stimuli, one of a feature+CS configuration that predicts reward, and the other CS by 

itself which predicts no reward (in a FP procedure), and this is not merely a combination 

of elements but representations of two or more stimuli that result in responding (Pearce, 

1987, 1994, 2002). If configural learning is accurate, then the order in which the cues 

are presented should not affect the response as they are combined into one stimulus; 

however, we know that if a CS is presented before the OS, then responding does not 

occur (Ross and Holland, 1982; Holland, 1992). Thus, hierarchal theorists propose that 

OSs ‘set the occasion’ for whether a CS will be meaningful, and act to modulate the 

strength of association between a CS and US (Bonardi et al., 2017; Fraser & Holland, 

2019; Holland, 1992).  

According to hierarchal accounts, occasion setting occurs in serial procedures in 

which the feature is presented, followed by the CS and ultimately the US. The feature 

gates the association of the CS with the US, and in turn controls the type of conditioned 

responding, as well as the amount of conditioned responding (Bonardi & Hall, 1994; 

Holland, 1992; Swartzentruber, 1995; Trask et al., 2017). By contrast in simultaneous 

presentations, in which the feature is presented in tandem with the CS, the feature 

obtains inhibitory or excitatory properties, as previously described by elemental theorists 

(Bouton & Nelson, 2004).  
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Indeed, stimuli trained as FP OSs develop greater responding compared to that 

of a simple excitor. For instance, the ability of a simple excitor stimulus to act as a 

modulator was examined in two autoshaping experiments using female pigeons 

(Rescorla, 1985). In the first experiment, a noise or light stimulus was trained as a 

modulator to signal reinforcement of a keylight CS. The opposite stimulus was trained 

as an excitor by pairing it with a food US. The stimuli were then tested on their ability to 

modulate responding to the keylight. As expected, when the modulator was presented, 

the responding to the keylight was higher, and the excitor had little impact on 

responding (Rescorla, 1985). In the second experiment, modulation was determined by 

the ability of a keylight stimulus, trained as either modulatory or excitatory, to elicit 

responding to another keylight. The keylight that elicited responding had previous 

excitatory and extinction training, and had not previously been used as a CS. The 

excitor resulted in slightly enhanced responding to the keylight, however, responding 

was greater when the target CS was signaled by the modulator keylight (Rescorla, 

1985). Thus, the modulator seems to gain greater excitatory strength in this procedure. 

This finding indicates that FP modulation  and simple excitatory training develop 

different associative properties, and that FP modulation is more than just simple 

excitation (Swartzentruber, 1995). 

Importantly, OSs can acquire additional incentive motivational value (Fraser & 

Janak, 2019). Indeed, in an occasion setting procedure using male rats, in which an 

exteroceptive houselight-OS predicted whether a white noise (WN)-CS was reinforced, 

conditioned approach to a sucrose-reward was increased when the CS was preceded 

by an OS, however, when presented on its own did not predict reward/elicit reward 

seeking. Further, rats responded more to obtain presentations of the CS when preceded 

by the OS, and responded more to receive presentations of the OS when presented 

alone, than the CS presented alone (Fraser & Janak, 2019). As modulators, FP-trained 

stimuli can produce motivational properties and increase reward seeking (Fraser & 

Holland, 2019).  
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In contrast to previous work using exteroceptive OSs (Fraser & Janak, 2019), the 

interoceptive sensations elicited by pharmacological stimuli can also be trained as OSs  

(Bevins et al., 2006; Palmatier et al., 2004) Appetitive conditioning using occasion 

setting has been successfully demonstrated in drugs including nicotine (Palmatier et al., 

2004), cocaine (Troisi & Akins, 2004), amphetamine (Palmatier et al., 2005), 

chlordiazepoxide (CDP) (Palmatier et al., 2005), methamphetamine (Reichel et al., 

2007), caffeine (Murray et al., 2007), bupropion (Wilkinson et al., 2009), the cannabinoid 

agonist CP-55,940 (Murray et al., 2009), and morphine (Andrade, 2020). Further, some 

drugs have acted as a FN OS, such as nicotine (Bevins et al., 2006). 

In the current study, we aim to determine if an occasion setting history of learning 

(i.e., FP versus FN occasion setting) with morphine, will alter the subsequent rewarding 

value of morphine in a similar manner to that of Fraser and Janak (2019), in both male 

and female rats. Here we use a place conditioning procedure, a Pavlovian model that 

can be used to measure reward and aversion to illicit drugs of abuse (Tzschentke, 

1998, 2007). In this procedure, the drug acts as a US which is repeatedly paired with a 

distinctive context, and the context, therefore acquires motivational properties such that 

it acts as a CS eliciting approach behaviour if the US was appetitive, conditioned place 

preference (CPP), or avoidance behaviour, if the US was aversive, conditioned place 

aversion (CPA) (Tzschentke, 1998, 2007). Indeed, activation of MORs has been 

consistently shown to induce CPP (Tzschentke, 1998). We predict that a history of FP 

occasion setting will imbue morphine with additional appetitive value, thus FP rats will 

show greater CPP to the morphine-paired chamber than the saline-paired chamber, and 

that preference ratio will be greater for FP rats than FN rats. Further, FN OSs act as 

conditioned inhibitors thus, we hypothesize that a FN OS will inhibit reward learning and 

decrease the rewarding properties of the OS itself.  

1.7 Sex Differences 

There is a clear dissociation between males and females in usage patterns of 

drugs of abuse, thus, in the current study, we aim to address sex differences by directly 
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comparing male and female rats. Men abuse controlled and illicit drugs more than 

women (Becker & Chartoff, 2019), however, in pre-clinical studies using rats and mice, 

females are more susceptible to abusing drugs (Lee & Ho, 2013; Lynch et al., 2002). 

Women, however, are also more likely to experience chronic pain, report severe pain 

more often, and are prescribed opioids almost twice as often as men (Fillingim et al., 

2009; Kokane & Perrotti, 2020; Lee & Ho, 2013; C. Pisanu et al., 2019). Women also 

transfer from opioid use to dependence faster than men, and experience stronger 

cravings, higher levels of relapse and higher intensity withdrawal symptoms (Kokane & 

Perrotti, 2020; Lopresti et al., 2020). 

Preclinical studies using rat and mice models show that the analgesic effects of 

opioids are more efficacious in males than females (Cicero et al., 2000; Craft et al., 

2001; Craft, 2008; Lopresti et al., 2020; Niesters et al., 2010). Opioids have greater 

sedative and analgesic effects in males than females, whereas females show increased 

tolerance to the aversive effects of high doses of opioids, (Cicero et al., 2000; Craft et 

al., 2001; Craft, 2008; Lopresti et al., 2020; Niesters et al., 2010), as well as increased 

rewarding and reinforcing effects in comparison to males (Becker & Koob, 2016; Craft et 

al., 2001; Lopresti et al., 2020). Females also show higher motivation to consume 

opioids than males (Becker & Chartoff, 2019), and generally consume larger amounts 

(Becker & Koob, 2016) suggesting a greater reinforcement value. Females acquire oral 

and intravenous opioid self-administration faster than males, at lower doses, have faster 

escalation, higher rates of self-administration, show higher breakpoints on progressive 

ratio schedules, and have greater consumption per body weight (Alexander et al., 1978; 

Becker & Chartoff, 2019; Cicero et al., 2003). Females also show increased rewarding 

effects of morphine in comparison to males (Becker & Koob, 2016), and show 

preference to contexts associated with lower doses of morphine in comparison to 

males, and increased CPP at higher doses (Karami & Zarrindast, 2008). Further, 

administration of naloxone prior to morphine attenuated CPP in both males and 

females, although the attenuation was more evident in males (Karami & Zarrindast, 

2008). In both male and female rats, doses of morphine up to 10 mg/kg were rewarding, 
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however, in doses above 10 mg/kg only females exhibited a place preference, possibly 

due to increased sedative effects, that are less evident in females; further, females 

continued to find morphine rewarding even up to high doses of 30 mg/kg (Cicero et al., 

2000).  

Evidence for sex differences in SUDs points towards a role of hormones, 

particularly estradiol (Lee & Ho, 2013). In females rats, gonadal hormones such as 

estrogens and progesterone have found to regulate the activity of DA neurons (Becker, 

1999), and modulate DA receptor densities in the striatum (Di Paolo, 1994). 

Ovariectomies (OVX) decrease D1R function, however, increase binding to DR2s. 

(Becker, 1999). In comparison it has also been found that OVX show decreased D2R 

binding in the dorsolateral area of the anterior striatum, only, and D2R binding is not 

affected in other areas of the striatum. Treatment with 17β-estradiol prevented this 

decrease in D2R binding (Landry et al., 2002). Further, female rats and mice have more 

DA neurons in the VTA than males, and higher basal firing levels of DA when compared 

to males (Calipari et al., 2017; Kritzer & Creutz, 2008), potentially indicating greater 

sensitivity to reward in the mesolimbic DA system. Indeed, OVX female rats acquire 

opioid self-administration at rates similar to males, and treatment estradiol benzoate 

enhances acquisition and consumption compared to OVX rats treated with vehicle (Roth 

et al., 2002). OVX female mice showed decreased morphine CPP at low subcutaneous 

doses of 2 and 5 mg/kg, and enhanced place preference at higher doses (10 mg/kg), 

however, effects at lower doses only were reversed when pre-treated with estradiol 

benzoate; further, in OVX mice, estradiol benzoate was able to induce CPP itself 

(Mirbaha et al., 2009). These results suggest that estradiol mediates the rewarding 

properties of opioids differently at lower doses than at higher doses. Specifically, 17β-

estradiol, and to a lesser extent, progesterone, replacement in OVX rats, influences 

firing rate, DA release, and overall response of striatal neurons (D. Zhang et al., 2008). 

However, although OVX procedures allow us to directly look at the effect of estradiol 

behaviourally and pharmacologically, hormone replacement maintains constant levels of 
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estradiol, much unlike the normally fluctuating levels seen in gonadally intact females 

(Calipari et al., 2017).  

Phases of the estrous cycle in rats and mice, as well as the associated hormones 

released, affect drug taking and drug abuse behaviours (Kokane & Perrotti, 2020). Rat 

and mouse cycles last on average 4-5 days, reflecting different levels of estradiol and 

progesterone secreted by ovarian follicles (Cora et al., 2015; Roman et al., 2006). The 

estrous cycle is generally divided into four stages –proestrus, estrus, metestrus, and 

diestrus. Diestrus is analogous to the follicular phase in humans, and is characterized 

by low levels of progesterone, as well as gradually increasing levels of estradiol 

(Kokane & Perrotti, 2020; Roman et al., 2006). During proestrus, which is analogous to 

the periovulatory phase, estradiol levels increase rapidly, followed by a surge of 

luteinizing hormone and increasing concentrations of progesterone. Increased hormone 

levels initiate the estrus phase, in which ovulation occurs, and when female rats are 

sexually receptive, this is analogous to the luteal phase in humans. The final stage, 

metestrus, is characterized by low levels of progesterone and estradiol (Kokane & 

Perrotti, 2020; Peart et al., 2022; Roman et al., 2006). 

The stages of the estrous cycle have differing basal levels of endogenous opioid 

peptides in several brain areas. In female rats, significant differences have been found 

between the diestrus and proestrus states, and diestrus and estrus states. For example, 

the prodynorphin-derived neuropeptides DYNA and DYNB were reduced during estrus, 

in comparison to diestrus levels. In comparison, the proenkephalin-derived peptide, 

MEAP, had increased levels during proestrus and estrus, relative to diestrus. These 

results are especially evident in the NAc, caudate putamen, and substantia nigra (SN), 

suggesting an interaction between estrous cycle and motivation and reward (Roman et 

al., 2006).  

Morphine’s analgesic effects are lowest for female rats during the estrus phase, 

thus differ greatest from males at that point in the cycle. During metestrus, morphine’s 

analgesic effects are most similar to males (Craft, 2003). It has been found that female 
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mice in estrus exhibit higher basal level DA firing in the VTA compared to male mice, 

suggesting a role of estrus in motivation and reward (Calipari et al., 2017; Kritzer & 

Creutz, 2008). Further, during estrus, estradiol enhances cocaine-induced DA activity in 

the mesolimbic system of female mice by facilitating post-translational modifications of 

the DA transporter (DAT) to increase the ability of cocaine to inhibit DAT function and 

thus increase DA concentration (Calipari et al., 2017). Ovarian hormones also have a 

role in drug and context associations. In a place conditioning procedure, female mice in 

proestrus or estrus show stronger cocaine-cue associations compared to females in 

metestrus or diestrus and males (Calipari et al., 2017). Thus, the phases of the estrous 

cycle and corresponding ovarian hormone levels, especially estradiol, play an important 

role in reward and reinforcement, although the role of other hormones such as 

progesterone and testosterone are not as well understood.   

1.8 Objective 

We assessed shifts in the rewarding value of morphine following FP versus FN 

occasion setting training with morphine in male and female rats using place 

conditioning. We used a saline-only group to control for the extended time animals are 

exposed to training cues and stimuli (i.e., undergo occasion setting discrimination 

procedure without being administered morphine).  We predict that a history of FP 

occasion setting will imbue morphine with additional appetitive value, thus FP rats will 

show greater place preference to the morphine-paired chamber than the saline-paired 

chamber, and that preference ratio will be greater for FP rats than FN rats due to 

conditioned excitation and/or conditioned inhibition, respectively. FN OSs can act as 

conditioned inhibitors (Murray et al., 2011), thus, we hypothesize that a FN OSs will 

inhibit later reward learning and decrease the rewarding properties of the OS itself. 

Further, we hypothesize that females will show greater conditioned place preference 

than males, as females are more sensitive to the rewarding effects of morphine.  
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2 Materials and Methods 

2.1 Subjects 

Male and female Sprague-Dawley rats (Charles River, St. Constant, Quebec, 

Canada), post-natal day 28, weighing approximately 300g and 250g, respectively at the 

beginning of the study, were individually housed in opaque rat cages (polycarbonate; 

50.5 x 48.5 x 20 cm). Upon arrival, rats were acclimatized to the facility on a 12hr light-

dark cycle (lights on at 8:00 AM), and maintained at 21 °C. Each rat was handled once 

daily for 10 minutes, three days prior to the start of acquisition training. Water and food 

(Envigo, Madison, Wisconsin, Rodent Diet, 14% protein) were available ad libitum until 

experimental procedures commenced, after which rats’ weights were maintained at 

approximately 90% of their free-feeding body weights, in accordance with the 

standardized growth charts Charles River Laboratory; chow was provided daily after 

each experimental session. All behavioural testing was conducted during the light 

period. Procedures were approved by the University of Guelph Animal Care Committee 

according to the Canadian Council of Animal Care guidelines. 

2.2 Drug Preparation  

Morphine sulfate (Galenova Inc, Saint-Hyacinthe, Quebec) was dissolved in 

0.9% sterile saline solution at a concentration of 3.2 mg/ml and administered 

intraperitoneally (i.p.) at a volume of 1 ml/kg (Yamamoto & Kanarek, 2014; Young et al., 

1996).  

2.3 Apparatus 

2.3.1 Occasion Setting 

Occasion setting was conducted using ten modular rat chambers (ENV-018, Med 

Associates, Georgia, VT; 30.5 x 24.1 x 21.0 cm; L x W x H) enclosed in sound- and 

light-attenuating cubicles. Chamber front and back walls, and ceiling were transparent 
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polycarbonate; sidewalls, grid floor and tray were aluminum. Each chamber had a 

recessed liquid dipper opening (ENV-202M-S, Med Associates, Georgia, VT; 5.2 x 5.2 x 

3.8 cm; L x W x H) for sucrose access located in the centre of the right wall of the 

chamber. A 0.1 mL cup attached to a motor-driven dipper arm provided 4-sec access to 

sucrose (26% weight/volume) in the recessed opening. An infrared emitter-detector 

photo beam transecting the dipper receptacle recorded the number of head entries. A 

speaker unit on the left wall of the conditioning chamber produced each 15-s WN 

stimulus (80dB). General chamber activity was measured by an emitter-detector unit 

that extended across the chamber 6 cm above the grid floor and 5.5 cm from the right 

sidewall with the dipper. MedAssociates interface- and software-controlled stimulus 

outputs and recorded inputs. 

2.3.2 Place conditioning 

Place conditioning was assessed using four balanced, unbiased chambers with 

Plexiglas ceiling, front and back walls, and aluminum side walls. Each chamber had two 

distinct compartments (40 x 16 x 20 cm; L x W x H), separated by a smaller centre 

placement area (6.5 x 15.5 x 19.5 cm; L x W x H). Different floors were used to create 

distinct environments, one floor with holes drilled into an aluminum sheet. The second 

floor comprised of steel rods. Two rods were mounted side-by-side, with the following 

adjacent pair of rods separated from the previous by 1 cm. During training sessions, a 

removable wooden block divider (6.5 x 15.5 x 19.5 cm; L x W x H), was put in the centre 

placement area to restrict access.  

2.4 Procedures 

2.4.1 Occasion Setting 

Male and female rats were assigned to FP, FN, and control groups. Rats in FP 

and FN groups were given an intraperitoneal (i.p.) injection of morphine (3.2 mg/kg) or 

saline, 15-min prior to being placed in conditioning chambers. Sessions were 20-min 

and during each session there were eight 15-sec WN presentations at variable inter-trial 
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intervals. For the FP-assigned rats, on morphine sessions, WN presentations were 

followed by 4-sec access to sucrose; on saline sessions, WN was presented but 

sucrose was withheld. Conversely, for the FN-assigned rats, on morphine sessions, WN 

presentations were not followed by access to sucrose; and on saline sessions, WN 

presentations were followed by 4-sec access to sucrose. Occasion setting took place 

over a total of 32 consecutive sessions, with 16 saline sessions intermixed with 16 

morphine sessions per rat. The control group received only saline injections, but 

experienced all chamber placements, stimulus presentations, and sucrose deliveries.  

2.4.2 Morphine Place Conditioning 

A cohort of previously untrained rats was used prior to the study to validate the 

place conditioning chambers. Male rats showed no significant preference for rods or 

holes from habituation to mid-assessment to final test; whereas females showed an 

original preference for rods which disappeared by final test. Thus, we had a non-biased 

chamber for both males and females, and we used a non-biased design, randomly 

assigning rats to either side.  

Place conditioning consisted of the following phases: habituation, conditioning, 

mid-assessment test, conditioning, and final test. For habituation (day one), mid-

assessment test (day 6) and final test (day 11), wooden block dividers were removed, 

and each rat was put in the centre placement area, with access to entire compartments 

for 10-min. Conditioning occurred over 8 sessions for 20-min each session. Half of the 

rats received i.p. injections of 3.2 mg/kg morphine on days 2, 4, 7, and 9, and 1 ml/kg of 

saline i.p. on days 3, 5, 8, and 10. The order of morphine and saline was the opposite 

for the other half of the rats. During a morphine session, rats were confined to the 

morphine-paired compartment using a removable wooden block divider, and on saline 

sessions, rats were similarly confined to the saline-paired compartment. For 

conditioning days, assignment of floor location (i.e., rod floor on left or right, hole floor 

on left or right) and paired floor (i.e., morphine paired with rods or holes, saline paired 
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with rods or holes) was counterbalanced, alternating between drug and saline, and 

assigned prior to habituation.  

Conditioning and test sessions were recorded by four Lorex HD 4KA84-2 DRV 

cameras, one mounted above each chamber. Test sessions were analyzed and scored 

manually using the Timer+ Multiple Timers application by Minima Software and the 

Preview application for MacBook. A rat was considered in a specific compartment when 

its front paws, head, and shoulders were in that compartment.  

2.5 Data Analysis 

2.5.1 Occasion Setting 

For occasion setting, the primary dependent measure of conditioned responding 

was the ‘first dipper entry difference score’. This score is calculated by the number of 

anticipatory head entries into the dipper receptacle during the first 15-sec WN CS 

presentation of each session, minus the number of head entries during that first WN 

presentations 15-sec pre-CS interval. We used the first dipper entry difference score to 

measure drug discrimination, rather than the mean across the entire session to 

measure the anticipatory behaviour of the rat evoked by the CS, as influenced by 

morphine or saline, without the influence of sucrose (or lack of sucrose) learning during 

that session, and thus examining the learning that took place during the previous 

session. First dipper entry difference scores, locomotor activity, pre-CS, and first-CS 

presentations were analyzed using a three-way analysis of variance (ANOVA). The 

between-subject factor was Sex (male versus female). The within-subject factors were 

Drug (morphine versus saline), and Session (1-16). This was analyzed by Group (FP, 

FN, or Control). Analyses were completed using IBM SPSS Statistics software, version 

28.  
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2.5.2 Morphine Place Conditioning  

For place conditioning, a preference ratio was calculated using the following 

formula: time spent in the morphine-paired compartment/ (time spent in the morphine-

paired compartment + time spent in the saline-paired compartment). A preference ratio 

of 0.5 indicates no preference for either compartment, and a preference ratio greater 

than 0.5 indicates a preference for the paired compartment. Preference ratio scores 

were analyzed using a three-way repeated measures ANOVA. The between-subjects 

factors were Sex (male versus female), and Group (FP, FN, or Control). The within-

subjects factor was Test (Habituation, Mid-Assessment and Final Test). Analyses were 

followed up with 3 two-way ANOVAs comparing sexes and then individual one-way 

ANOVAs for each training condition and sex. The FN place conditioning interaction was 

followed by post-hoc comparisons using Fisher’s least significant difference test. One 

sample t-tests were used to compare each preference ratio to a hypothetical value of 

0.5 (i.e., the value indicating no preference). One-way repeated measures ANOVAs 

were used to analyze preference ratios across the test session. Significant results of the 

ANOVAs were followed up by pair-wise post-hoc comparisons. Analyses were 

completed using IBM SPSS Statistics software, version 28. 

 

3 Results 

3.1 Occasion Setting 

3.1.1 Feature Positive Morphine Discrimination in Males and Females  

FP training resulted in a significant discrimination between morphine and saline 

across sessions regardless of sex. Discrimination training did not differ between sexes. 

The three-way repeated measures ANOVA for the First Dipper Entry Difference Score 

showed no Drug x Session x Sex interaction F(15,240) = 1.479 p = .114, ηp
2 = .085, no 

Session x Sex interaction F(15,240) = 0.970, p = .487, ηp
2 = .057, and no Drug x Sex 
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interaction, F(1,16) = 0.178, p = .679, ηp
2 = .011. There was, however, a significant Drug 

x Session interaction F(15,240) = 6.148, p  < .001, ηp
2 = .278, main effect of Drug, 

F(1,16) = 115.347, p < .001, ηp
2 = .878, and Session, F(15,240) = 6.753, p < .001, ηp

2 = 

0.297, but no between-subjects effects of Sex F(1,16) = 0.088, p = .770, ηp
2 = .005. 

Separate 2-way Drug x Session ANOVAs were then conducted for each Sex. For 

males, there was a significant Drug x Session interaction, F(15,105) = 4.937, p < .001, 

ηp
2 = .414, a significant main effect of Session, F(15,105) = 4.229, p < .001, ηp

2 = .377, 

and a significant main effect of Drug, F(1,7) = 44.720, p < .001, ηp
2 = .865 (Figure 1A). 

For females, there was a significant Drug x Session interaction, F(15,135) = 3.153, p < 

.001, ηp
2 = .259, a significant main effect of Session, F(15,135) = 3.803, p < .001, ηp

2 = 

.297, and a significant main effect of Drug, F(1,9) = 74.194, p < .001, ηp
2 = .892 (Figure 

1B). For males, planned post-hoc comparisons using Fisher’s Least Significant 

Difference (LSD), showed that first dipper entry difference scores were higher on 

morphine than saline for sessions 6-9 and 11-16, p < .05. For females, post-hoc 

analyses, using Fisher’s LSD, showed that first dipper entry difference scores were 

higher on morphine than saline for sessions 5, 7-11 and 13-16, p < .05. 

For the Pre-CS measure a three-way repeated measures ANOVA showed no 

Drug x Session x Sex interaction F(15,240) = 1.043, p = .412, ηp
2 = .061, or Session x 

Sex interaction F(15,240) = 1.552, p = .088, ηp
2 = .0088, or Drug x Sex interaction, 

F(1,16) = 0.810, p = .381, ηp
2 = .048, or Drug x Session interaction, F(15,240) = 1.191, 

p = .279, ηp
2 = .069, or main effect of Drug, F(1,16) = 3.778, p = .070, ηp

2 = .191, or 

main effect of Session, F(15,240) = 0.657, p = .825, ηp
2 = .039, or between-subjects 

effects of Sex F(1,16) = 3.614, p = .075, ηp
2 = .184. Separate 2-way Drug x Session 

ANOVAs were then conducted for each Sex. For males, there was no significant Drug x 

Session interaction, F(15,105) = 1.729, p = .056, ηp
2 = .188, no significant main effect of 

Session, F(15,105) = 1.101, p = .365, ηp
2 = .136, or main effect of Drug, F(1,7) = 4.971, 

p = .061, ηp
2 = .415 (Figure 1C). For females, there was no significant Drug x Session 

interaction, F(15,135) = 0.749, p = .731, ηp
2 = .077, no significant main effect of Session, 
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F(15,135) = 1.176, p = .298, ηp
2 = .116, and no significant main effect of Drug, F(1,9) = 

0.507, p = .494, ηp
2 = .053 (Figure 1D).  

For the First CS measure, a three-way repeated measures ANOVA showed a 

significant Drug x Session x Sex interaction F(15,240) = 1.872, p = .027, ηp
2 = .105, 

however, no Session x Sex interaction F(15,240) = 0.735, p = .748, ηp
2 = .044, or Drug 

x Sex interaction, F(1,16) = 0.032, p = .861, ηp
2 = .002. A significant Drug x Session 

interaction was found, F(15,240) = 8.262, p < .001, ηp
2 = .341, and main effect of Drug, 

F(1,16) = 119.020, p < .001, ηp
2 = .881, and main effect of Session, F(15,240) = 5.624, 

p < .001, ηp
2 = .260, however, no between-subjects effects of Sex F(1,16) = 0.674, p = 

.424, ηp
2 = .040. Separate 2-way Drug x Session ANOVAs were then conducted for 

each Sex. For males, there was a significant Drug x Session interaction, F(15,105) = 

4.160, p < .001, ηp
2 = .373, a significant main effect of Session, F(15,105) = 3.688, p < 

.001, ηp
2 = .345, and a significant main effect of Drug, F(1,7) = 58.607, p < .001, ηp

2 = 

.893 (Figure 1E). For females, there was a significant Drug x Session interaction, 

F(15,135) = 6.239, p < .001, ηp
2 = .409, a significant main effect of Session, F(15,135) = 

2.676, p = .001, ηp
2 = .229, and a significant main effect of Drug, F(1,9) = 62.076, p < 

.001, ηp
2 = .873 (Figure 1F). For males, planned post-hoc comparisons, using Fisher’s 

LSD, showed that first-CS scores were higher on morphine than saline for sessions 3 

and 6-16, p < .05. For females, post-hoc analyses, using Fisher’s LSD, showed that 

first-CS scores were higher on saline than morphine for session 3 and higher on 

morphine than saline for sessions 5-16, p < .05. 

For locomotor activity, a three-way repeated measures ANOVA for the total 

photobeam breaks during the 20-min sessions showed a significant Drug x Session x 

Sex interaction F(15,240) = 2.084, p = .011, ηp
2 = .115, however, no Session x Sex 

interaction F(15,240) = 1.539, p = .092, ηp
2 = .088, or Drug x Sex interaction, F(1,16) = 

0.645, p = .434, ηp
2 = .039. A significant Drug x Session interaction was found, 

F(15,240) = 7.548, p < .001, ηp
2 = .321, and main effect of Drug, F(1,16) = 86.815, p < 

.001, ηp
2 = .844, and main effect of Session, F(15,240) = 17.723, p < .001, ηp

2 = .526, 

however, no between-subjects effects of Sex F(1,16) = 0.130, p = .723, ηp
2 = .008. 
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Separate 2-way Drug x Session ANOVAs were then conducted for each Sex. For 

males, there was a significant Drug x Session interaction, F(15,105) = 4.706, p < .001, 

ηp
2 = .402, a significant main effect of Session, F(15,105) = 6.008, p < .001, ηp

2 = .462, 

and a significant main effect of Drug, F(1,7) = 60.588, p < .001, ηp
2 = .896 (Figure 1G). 

For females, there was a significant Drug x Session interaction, F(15,135) = 5.314, p < 

.001, ηp
2 = .371, a significant main effect of Session, F(15,135) = 13.851, p < .001, ηp

2 = 

.606, and a significant main effect of Drug, F(1,9) = 34.379, p < .001, ηp
2 = .793 (Figure 

1H).  

For males, planned post-hoc, using Fisher’s LSD, comparisons showed 

locomotor activity was greater on all morphine sessions than saline, p < .05. For 

females, post-hoc analyses, using Fisher’s LSD, showed greater locomotor activity on 

morphine sessions than saline, 3-16, p < .05. 
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Figure 1. Feature positive morphine discrimination in males and females.  

FP-assigned males (n=8) and females (n=10) means (±SEM). Male (A) and female (B) first dipper entry 

difference scores. Male (C) and female (D) first pre-CS dipper entries. Male (E) and female (F) first CS 

dipper entries. Male (G) and female (H) total beam breaks. The * denotes significant differences between 

morphine and saline trials, and the $ denotes a main effect of drug. 

 

3.1.2 Feature Negative Morphine Discrimination in Males and Females 

FN training also resulted in a significant discrimination between morphine and 

saline across sessions regardless of sex. The three-way repeated measures ANOVA for 

the First Dipper Entry Difference Score showed a significant Drug x Session x Sex 

interaction F(15,255) = 1.707, p = .05, ηp
2 = .091. There was no Session x Sex 

interaction, F(15,225) = 0.542, p = .915, ηp
2 = .031, or Drug x Sex interaction F(1,17) = 

0.151, p = .703, ηp
2 = .009. There was, however, a significant Drug x Session 

interaction, F(15,255) = 3.759, p < .001, ηp
2 = .181, and main effect of Drug, F(1,15) = 

51.627, p < .001, ηp
2 = .752, and session F(15,255) = 7.119, p < .001, ηp

2 = .295, but no 

between-subject effects of Sex F(1,17) = 1.188, p = .291, ηp
2 = .065. Separate 2-way 

Drug x Session ANOVAs were then conducted for each Sex. For males, there was a 

significant Drug x Session interaction, F(15,135) = 2.807, p < .001, ηp
2 = .238, a 

significant main effect of Session, F(15,135) = 4.905, p < .001, ηp
2 = .353, and a 

significant main effect of Drug, F(1,9) = 36.482, p < .001, ηp
2 = .802 (Figure 2A). For 

females, there was a significant Drug x Session interaction, F(15,120) = 2.635, p = .002, 

ηp
2 = .248, a significant main effect of Session, F(15,120) = 3.073, p < .001, ηp

2 = .278, 

and a significant main effect of Drug, F(1,8) = 19.842, p = .002, ηp
2 = .713 (Figure 2B). 

For males, post-hoc analyses, using Fisher’s LSD, showed that first dipper entry 

difference scores were higher on morphine than saline for sessions 6, 10, 12, and 14-

16, p < .05. For females, post-hoc analyses, using Fisher’s LSD, showed that first 

dipper entry difference scores were higher on morphine than saline for sessions 9-11 

and 13-16, p < .05. 
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For the Pre-CS measure, a three-way repeated measures ANOVA showed a 

Drug x Session x Sex interaction, F(15,255) = 2.327, p = .004, ηp
2 = .120, and main 

effect of Drug, F(1,17) = 14.651, p = .001, ηp
2 = .463, however, no Session x Sex 

interaction F(15,255) = 0.290, p = .996, ηp
2 = .017, or Drug x Sex interaction, F(1,17) = 

2.385, p = .141, ηp
2 = .123, or Drug x Session interaction, F(15,255) = 1.006, p = .449, 

ηp
2 = .056, or main effect of Session, F(15,255) = 1.442, p = .128, ηp

2 = .078, or 

between-subjects effects of Sex F(1,17) = 0.031, p = .862, ηp
2 = .002. Separate 2-way 

Drug x Session ANOVAs were then conducted for each Sex. For males, there was no 

significant Drug x Session interaction, F(15,135) = 1.713, p = .055, ηp
2 = .160, no 

significant main effect of Session, F(15,135) = 0.735, p = .746, ηp
2 = .075, and no 

significant main effect of Drug, F(1,9) = 4.265, p = .069, ηp
2 = .322 (Figure 2C). For 

females, there was no significant Drug x Session interaction, F(15,120) = 1.633, p = 

.075, ηp
2 = .169, no significant main effect of Session, F(15,120) = 1.049, p = .411, ηp

2 = 

.116, however,  a significant main effect of Drug, F(1,8) = 9.796, p = .014, ηp
2 = .550 

(Figure 2D). 

For the First CS measure, a three-way repeated measures ANOVA showed no 

significant Drug x Session x Sex interaction, F(15,225) = 1.417, p = .139, ηp
2 = .077, no 

Session x Sex interaction F(15,255) = 0.606, p = .869, ηp
2 = .034, or Drug x Sex 

interaction, F(1,17) = 1.878, p = .188, ηp
2 = .099. A significant Drug x Session 

interaction was found, F(15,255) = 5.639, p < .001, ηp
2 = .249, and main effect of Drug, 

F(1,17) = 82.790, p < .001, ηp
2 = .830, and main effect of Session, F(15,255) = 6.465, p 

< .001, ηp
2 = .276, however, no between-subjects effects of Sex F(1,17) = 1.379, p = 

.256, ηp
2 = .075. Separate 2-way Drug x Session ANOVAs were then conducted for 

each Sex. For males, there was a significant Drug x Session interaction, F(15,135) = 

2.816, p < .001, ηp
2 = .238, a significant main effect of Session, F(15,135) = 4.079, p < 

.001, ηp
2 = .312, and a significant main effect of Drug, F(1,9) = 48.315, p < .001, ηp

2 = 

.843 (Figure 2E). For females, there was a significant Drug x Session interaction, 

F(15,120) = 3.866, p < .001, ηp
2 = .326, a significant main effect of Session, F(15,120) = 

3.073, p < .001, ηp
2 = .278, and a significant main effect of Drug, F(1,8) = 37.429, p < 
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.001, ηp
2 = .824 (Figure 2F). For males, post-hoc analyses, using Fisher’s LSD, showed 

that first-CS scores were higher on morphine than saline for sessions 6, 9, and 12-16, p 

< .05. For females, post-hoc analyses, using Fisher’s LSD, showed that first-CS scores 

were higher on morphine than saline for sessions 6, and 9 -16, p < .05. 

For locomotor activity, a three-way repeated measures ANOVA for the total 

photobeam breaks during the 20-min sessions, showed no significant Drug x Session x 

Sex interaction F(15,255) = 1.363, p = .166, ηp
2 = .074, no Session x Sex interaction 

F(15,255) = 1.652, p = .061, ηp
2 = .089, or Drug x Sex interaction, F(1,17) = 1.375, p = 

.257, ηp
2 = .075. A significant Drug x Session interaction was found, F(15,255) = 5.185, 

p < .001, ηp
2 = .234, and main effect of Drug, F(1,17) = 87.145, p < .001, ηp

2 = .837, and 

main effect of Session, F(15,255) = 12.398, p < .001, ηp
2 = .422, and between-subjects 

effects of Sex F(1,17) = 8.375, p = .010, ηp
2 = .330. Separate 2-way Drug x Session 

ANOVAs were then conducted for each Sex. For males, there was a significant Drug x 

Session interaction, F(15,135) = 2.770, p < .001, ηp
2 = .235, a significant main effect of 

Session, F(15,135) = 5.862, p < .001, ηp
2 = .394, and a significant main effect of Drug, 

F(1,9) = 37.763, p < .001, ηp
2 = .808 (Figure 2G). For females, there was a significant 

Drug x Session interaction, F(15,120) = 3.564, p < .001, ηp
2 = .308, a significant main 

effect of Session, F(15,120) = 7.431, p < .001, ηp
2 = .482, and a significant main effect 

of Drug, F(1,8) = 48.678, p < .001, ηp
2 = .859 (Figure 2H). For males, planned post-hoc 

comparisons, using Fisher’s LSD, showed locomotor activity was greater on all 

morphine sessions than saline, p < .05. For females, post-hoc analyses, using Fisher’s 

LSD, showed greater locomotor activity on morphine sessions than saline, 2-16, p < .05. 
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Figure 2. Feature negative morphine discrimination in males and females. 

FN-assigned males (n=10) and females (n=9) means (±SEM). Male (A) and female (B) first dipper entry 

difference scores. Male (C) and female (D) first pre-CS dipper entries. Male (E) and female (F) first CS 

dipper entries. Male (G) and female (H) total beam breaks. The * denotes significant differences between 

morphine and saline trials, and the $ denotes a main effect of drug. 

 

3.1.3 Control Discrimination in Males and Females  

Control groups, treated only with saline, did not develop any discrimination in 

either sex. The three-way repeated measures ANOVA for the First Dipper Entry 

Difference Score showed no significant Sucrose x Session x Sex interaction F(15,240) = 

1.540, p = .092, ηp
2 = .088. There was also no Session x Sex interaction, F(15,240) = 

1.351, p = .173, ηp
2 = .078, or Sucrose x Sex interaction F(1,16) = 3.708, p = .072, ηp

2 = 

.188, or Sucrose x Session interaction F(15,240) = 1.362, p = .167, ηp
2 = .078. There 

was, however, a main effect of Sex F(1,16) = 4.734, p = .045, ηp
2 = .228. Separate 2-

way Sucrose x Session ANOVAs were then conducted for each Sex. For males, there 

was no significant Sucrose x Session interaction, F(15,120) = 1.558, p < .096, ηp
2 = .163 

and no significant main effect of Sucrose, F(18) = 5.034, p < .055, ηp
2 = .386, there was 

however, a significant main effect of Session, F(15,120) = 3.744, p < .001, ηp
2 = .319, 

(Figure 3A). For females, there was no significant Sucrose x Session interaction, 

F(15,120) = 1.370, p < .173, ηp
2 = .146, no significant main effect of Sucrose, F(1,8) = 

0.051, p = .827, ηp
2 = .006 however, there was a significant main effect of Session, 

F(15,120) = 3.446, p < .001, ηp
2 = .301, (Figure 3B).  

For the Pre-CS measure, a three-way repeated measures ANOVA showed no 

Sucrose x Session x Sex interaction F(15,240) = 0.836, p = .637, ηp
2 = .050, or Session 

x Sex interaction F(15,240) = 0.931, p = .530, ηp
2 = .055, or Sucrose x Sex interaction, 

F(1,16) = 0.001, p = .980, ηp
2 = .000, or Sucrose x Session interaction, F(15,240) = 

1.037, p = .418, ηp
2 = .061, or main effect of Sucrose, F(1,16) = 2.089, p = .168, ηp

2 = 
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.115, or main effect of Session, F(15,240) = 1.200, p = .272, ηp
2 = .070, however, there 

was a significant between-subjects effects of Sex F(1,16) = 4.478, p = .050, ηp
2 = .219. 

Separate 2-way Sucrose x Session ANOVAs were then conducted for each Sex. 

For males, there was a significant Sucrose x Session interaction, F(15,255) = 5.639, p < 

.001, ηp
2 = .163, a significant main effect of Sucrose, F(1,17) = 82.790, p < .001, ηp

2 = 

.830, and a significant main effect of Session, F(15,255) = 6.465, p < .001, ηp
2 = .276, 

(Figure 3C). For females, there was no significant Sucrose x Session interaction, 

F(15,120) = 1.128, p = .340, ηp
2 = .124, no significant main effect of Sucrose, F(1,8) = 

0.763, p = .408, ηp
2 = .087 and no main effect of Session, F(15,120) = 1.269, p = .233, 

ηp
2 = .137, (Figure 3D).  

For the First CS measure, a three-way repeated measures ANOVA showed no 

significant Sucrose x Session x Sex interaction F(15,240) = 1.008, p = .448, ηp
2 = .059, 

no Session x Sex interaction F(15,240) = 0.966, p = .492, ηp
2 = .057. There was, 

however, a Sucrose x Sex interaction, F(1,16) = 5.971, p = .027, ηp
2 = .272, a significant 

Sucrose x Session interaction, F(15,240) = 2.190, p = .007, ηp
2 = .120, a significant 

main effect of Sucrose, F(1,16) = 10.043, p = .006, ηp
2 = .386, and main effect of 

Session, F(15,240) = 5.521, p < .001, ηp
2 = .257, however, there were no between-

subjects effects of Sex F(1,16) = 1.408, p = .253, ηp
2 = .081.  

Separate 2-way Sucrose x Session ANOVAs were then conducted for each Sex. 

For males, there was a significant Sucrose x Session interaction, F(15,120) = 2.019, p < 

.019, ηp
2 = .202, a significant main effect of Sucrose, F(1,8) = 15.172, p =.005, ηp

2 = 

.655, and a significant main effect of Session, F(15,120) = 3.809, p < .001, ηp
2 = .323, 

(Figure 3E). For females, there was no significant Sucrose x Session interaction, 

F(15,120) = 1.175, p = .301, ηp
2 = .128, no significant main effect of Sucrose, F(1,8) = 

0.274, p = .615, ηp
2 = .033 and a significant main effect of Session, F(15,120) = 2.714, p 

= .001, ηp
2 = .253, (Figure 3F).  
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For locomotor activity, a three-way repeated measures ANOVA for the Total 

Photobeam Breaks during the 20-min sessions, showed no significant Sucrose x 

Session x Sex interaction F(15,240) = 1.292, p = .208, ηp
2 = .075, no Session x Sex 

interaction F(15,240) = 1.306, p = .199, ηp
2 = .075, or Sucrose x Sex interaction, F(1,16) 

= 0.546, p = .471, ηp
2 = .033, or Sucrose x Session interaction, F(15,240) = 1.219, p = 

.257, ηp
2 = .071. There was, however, a main effect of Sucrose, F(1,16) = 30.532, p < 

.001, ηp
2 = .656, and main effect of Session, F(15,240) = 4.351, p < .001, ηp

2 = .214, 

however, no between-subjects effects of Sex F(1,16) = 0.026, p = .873, ηp
2 = .002. 

Separate 2-way Sucrose x Session ANOVAs were then conducted for each Sex. For 

males, there was no significant Sucrose x Session interaction, F(15,120) = 1.506, p = 

.113, ηp
2 = .158, however there was a significant main effect of Sucrose, F(1,8) = 

60.783, p < .001, ηp
2 = .884, and a significant main effect of Session, F(15,120) = 1.881, 

p = .032, ηp
2 = .190, (Figure 3G). For females, there was no significant Sucrose x 

Session interaction, F(15,120) = 1.078, p = .384, ηp
2 = .119. There was however a 

significant main effect of Sucrose, F(1,8) = 6.831, p = .031, ηp
2 = .461 and a significant 

main effect of Session, F(15,120) = 3.787, p < .001, ηp
2 = .321, (Figure 3H).  

 



 

 

35 

 
 

Male Controls - No Morphine 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0

5

10

F
ir
s
t 
D

ip
p
e
r 

E
n
tr

y
 D

iff
e
re

n
c
e
 S

c
o
re

 (
C

S
-p

re
C

S
)

Session

No Sucrose

Sucrose

Female Controls - No Morphine 

Session

F
ir
s
t 
D

ip
p
e
r 

E
n
tr

y
 D

iff
e
re

n
c
e
 S

c
o
re

 (
C

S
-p

re
C

S
)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0

5

10
No Sucrose

Sucrose

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0

5

10

Session

D
ip

p
e
r 

E
n
tr

ie
s
 F

ir
s
t 
P

re
C

S

Male Controls - First PreCS

Sucrose

No Sucrose

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0

5

10

Session

D
ip

p
e
r 

E
n
tr

ie
s
 F

ir
s
t 
P

re
C

S

Female Controls - First PreCS

Sucrose

No Sucrose

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0

5

10

Session

D
ip

p
e
r 

E
n
tr

ie
s
 F

ir
s
t 
C

S

Male Controls - First CS

Sucrose

No Sucrose

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0

5

10

Session

D
ip

p
e
r 

E
n
tr

ie
s
 F

ir
s
t 
C

S

Female Controls - First CS

Sucrose

No Sucrose

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0

100

200

300

400

Session

T
o
ta

l P
h
o
to

b
e
a
m

 B
re

a
k
s
 (

A
c
tiv

it
y
)

Male Controls - Locomotor Activity

Sucrose

No Sucrose

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0

100

200

300

400

Session

T
o
ta

l 
P

h
o
to

b
e
a
m

 B
re

a
k
s
 (

A
c
tiv

it
y
)

Female Controls - Locomotor Activity

Sucrose

No Sucrose

A B

C D

E F

G H



 

 

36 

 

Figure 3. Control discrimination in males and females.  

Control group males (n=9) and females (n=9) means (±SEM). Male (A) and female (B) first dipper entry 

difference scores. Male (C) and female (D) first pre-CS dipper entries. Male (E) and female (F) first CS 

dipper entries. Male (G) and female (H) total beam breaks.  

 

3.2 Place Conditioning 

In the place conditioning procedure, both male and female FP-trained rats showed 

a significant preference at final test, and male, but not female FN-trained rats showed 

significant preference at final test. The three-way repeated measures ANOVA showed 

no Test x Group x Sex interaction, F(4,98) = 2.060, p = .092, ηp
2 = .078, no Test x Sex 

interaction, F(2,98) = 1.988, p = .142, ηp
2 = .039, and no Test x Group interaction, 

F(4,98) = 1.009, p = .407, ηp
2 = .040; however, there was a significant effect of Test, 

F(2,98) = 48.926, p < .001, ηp
2 = .500, and the test of between subjects effects showed 

a significant effect of Sex, F(1,49) = 5.352, p = .025, ηp
2 = .098.  

3.2.1 Feature Positive Morphine Place Conditioning 

Both males and females showed a significant preference at final test. A two-way 

repeated measures ANOVA showed no Sex x Test interaction, F(2,32) = 0.353, p = 

.705, ηp
2 = .022, however, there was a main effect of Sex, F(1,16) = 6.633, p = .020, ηp

2 

= .293, in that males show greater preference than females.  

Male Feature Positive Morphine Place Conditioning. The one-sample t-test showed 

no significant difference between the preference ratio for habituation from 0.5, t(7) = 

0.9655, p = .3664. However, mid-assessment did show a significant difference above 

0.5, t(7) = 4.659, p = .0023, as well as final test t(7) = 5.806, p = .0007. The repeated 

measures one-way ANOVA showed a significant effect across the test session F(2,14) 

= 15.40, p = .0009, ηp
2 =.688. Pair-wise post-hoc comparisons showed a significant 

difference between habituation and mid-assessment, p = .0063, a significant difference 
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between mid-assessment and final test, p = .0344, and a significant difference between 

habituation and final test, p = .0025 (Figure 4A).  

Female Feature Positive Morphine Place Conditioning. The one-sample t-test 

showed no significant difference between the preference ratio for habituation from 0.5, 

t(9) = 1.924, p = .0866, or mid-assessment t(9) = 1.211, p = .2567. However, the final 

test did show a significant difference above 0.5, t(9) = 5.300, p = .0005. The repeated 

measures one-way ANOVA showed a significant effect across the test session F(2,18) 

= 20.54, p< .0001, ηp
2 = .695. Pair-wise post-hoc comparisons showed a significant 

difference between habituation and mid-assessment, p = .031, mid-assessment and 

final test p = .007, and between habituation and final test p < .001 (Figure 4B).  

3.2.2 Feature Negative Morphine Place Conditioning 

Males, but not females, showed a significant preference at final test. A two-way 

repeated measures ANOVA showed a Sex x Test interaction, F(2,34) = 3.840, p = .031, 

ηp
2 = .184, and no main effect of Sex, F(1,17) = 0.300, p = .591, ηp

2 = .017.  

Male Feature Negative Morphine Place Conditioning. The one-sample t-test showed 

no significant difference between the preference ratio for habituation from 0.5, t(9) = 

0.7202, p = .4897. However, mid-assessment did show a significant difference above 

0.5, t(9) = 2.502, p = .0338, as well as final test t(9) = 6.261, p = .0001. The repeated 

measures one-way ANOVA showed a significant effect across the test session F(2,18) 

= 14.24, p = .0002, ηp
2 = .613. Pair-wise post-hoc comparisons showed no significant 

difference between habituation and mid-assessment, p = .102, however, showed a 

significant difference between mid-assessment and final test, p = .001, as well as 

between habituation and final test, p < .001 (Figure 4C). 

Female Feature Negative Morphine Place Conditioning. The one-sample t-test 

showed no significant difference between the preference ratio for habituation from 0.5, 

t(8) = 2.078, p = .0713, mid-assessment t(8) = 1.869, p = .0985, or final test t(8) = 

2.247, p = .0548. The repeated measures one-way ANOVA showed no significant effect 
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across the test session F(2,16) = 0.355, p = .707, ηp
2 = .042, thus, no pair-wise post-hoc 

comparisons were performed (Figure 4D). 

3.2.3 Control Groups Place Conditioning 

Both males and females showed a significant preference at final test. A two-way 

repeated measures ANOVA showed no Sex x Test interaction, F(2,32) = 1.391, p = 

.263, ηp
2 = .080, and no main effect of Sex, F(1,16) = 1.295, p = 0.272, ηp

2 = .075. 

Male Control Morphine Place Conditioning. The one-sample t-test showed no 

significant difference between the preference ratio for habituation from 0.5, t(8) = 

0.01153, p = .9911. However, mid-assessment did show a significant difference above 

0.5, t(8) = 3.046, p = .0159, as well as final test t(8) = 4.416, p = .0022.  The repeated 

measures one-way ANOVA showed a significant effect across the test session F(2,16) 

= 5.131, p = .019, ηp
2 =.391. Pair-wise post-hoc comparisons showed a significant 

difference between habituation and mid-assessment, p = .0487, no significant difference 

between mid-assessment and final test, p = .2693, and a significant difference between 

habituation and final test, p = .0330 (Figure 4E).  

Female Control Morphine Place Conditioning. The one-sample t-test showed no 

significant difference between the preference ratio for habituation from 0.5, t(8) = 

0.6618, p = .5267, or for mid-assessment, t(8) = 0.3982, p = .7009, however, there was 

a significant preference for final test t(8) = 4.900, p = .0012.  The repeated measures 

one-way ANOVA showed a significant effect across the test session F(2,16) = 13.036, p 

< .001, ηp
2 =.620. Pair-wise post-hoc comparisons showed no significant difference 

between habituation and mid-assessment, p = .285, however, found a significant 

difference between mid-assessment and final test, p = .005, and a significant difference 

between habituation and final test, p = .003 (Figure 4F).  
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Figure 4. Place conditioning.  

Place conditioning preference ratio score for FP males (A) and females (B), FN males (C) and females 

(D), control group males (E) and females (F). 

 

4 Discussion 

In this study we examined the effect of morphine as an interoceptive 

discriminative stimulus on subsequent morphine reward. We found that both FP and 

FN-trained male and female rats successfully discriminated between morphine and 

saline, consistent with previous work from out laboratory (Andrade, 2020). Rats 

assigned to FP training, in which morphine indicated that a white noise- conditioned 

stimulus (WN-CS) followed by a sucrose- unconditioned stimulus (US), showed greater 

dipper entries during the WN compared to FN-trained rats, in which morphine signaled 

that a WN-CS would not be followed by a sucrose-US.  

Although we did not find any sex differences in acquisition of morphine 

discrimination, preliminary follow-up in a separate cohort of rats in which occasion 

setting was followed by self-administration, shows that male but not female, rats trained 

with morphine as a positive feature subsequently self-administer more morphine than 

rats trained with morphine as a negative feature (unpublished data). These findings 

indicate that there may be transference of either appetitive value by virtue of FP 

training, inhibitory properties by virtue of FN training, or some interaction between the 

two learning histories. Conversely, the current study shows that in male rats, there are 

no differences in the effect of FP and FN training with morphine on the reward value of 

morphine when measured using a place conditioning procedure. However, in females, 

when morphine is conditioned as a negative feature, there is a subsequent decrease in 

the rewarding value of morphine when it is trained as a positive feature, thereby 

demonstrating a dissociation between reinforcement, as measured by self-

administration, and reward, as measured in the place conditioning preparation.   
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4.1 Reinforcement and Reward 

Operant conditioning is the learned relationship between a behaviour and an 

outcome (Thorndike, 1913). When the subject, both human and non-human males and 

females, performs a behaviour that has a favourable outcome, the subject repeats the 

behaviour. This behaviour can be due to the addition of a positive stimulus, or the 

removal of an aversive stimulus, positive or negative reinforcement, respectively. In 

contrast, when the subject performs a behaviour that has an unfavourable outcome, the 

subject refrains from the behaviour in the future. This behaviour can be due to the 

addition of an aversive stimulus, or the removal of an appetitive stimulus; positive or 

negative punishment, respectively. In reinforcement learning, the probability of 

behaviour is either increased or decreased due to the strengthening of these learned 

response-contingent outcomes (Bardo & Bevins, 2000; Mackintosh, 1974).  

The self-administration procedure is commonly used to quantify the motivation of 

an animal, such as a rat or mouse, to obtain a drug, as drugs of abuse often serve as a 

positive reinforcer in these models. The administration of the drug is contingent on the 

behavioural response of the subject (typically lever presses or nose pokes). The 

number of responses required to obtain the drug can be varied to determine the amount 

of effort the animal is willing to exert before receiving the drug reward, and thus can be 

a measure of motivation and/or craving (Van Ree et al., 1999). For instance, in a 

progressive-ratio schedule of reinforcement, each drug administration outcome requires 

more responses than the previous, thus one can determine the maximum amount of 

effort a subject is willing to exert to receive the drug, determined by the “breaking point” 

in which the animal stops responding (Van Ree et al., 1999). 

On the other hand, reward refers to the appetitive nature of the stimulus which 

often comes to elicit approach behaviour. Place conditioning is a procedure commonly 

used to measure reward in rodents such as rats and mice, including that evoked by 

drugs. In place conditioning, a distinct contextual environment is repeatedly paired with 

a US of interest, such as food, sex, or drug reward. Unique contexts acquire secondary 
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rewarding properties through Pavlovian conditioning, and can therefore, act as a CS 

and elicit approach, or withdrawal if the stimulus is aversive (Bardo & Bevins, 2000; 

Tzschentke, 1998, 2007). When morphine is paired with a discrete context, the context 

can elicit a CPP (Mucha et al., 1982), in a dose-dependent manner (Ma et al., 2009; 

Moaddab et al., 2009; Rezayof et al., 2007; Zarrindast et al., 2006). Further, 

administration of the opioid receptor antagonist, naloxone, induces CPA (Mucha & 

Iversen, 1984; Zarrindast et al., 2007). 

The dependent measure of place conditioning is typically the duration of time 

spent in the paired context, and thus is not a discrete behaviour, and cannot be used to 

measure motivation as in self-administration (Green & Bardo, 2020). Self-administration 

is thought to more closely model human drug abuse as the animal is required to exert a 

behaviour to obtain the drug, as opposed to being passively administered the drug in 

place conditioning procedures (Lopresti et al., 2020). Self-administration and place 

conditioning do, however, show some overlapping characteristics. Most drugs of abuse, 

including morphine, are both self-administered, and form CPP (Bardo et al., 1984; Glick 

et al., 1992), however, there are a select few drugs that are either self-administered or 

form CPP such as lysergic acid diethylamide (LSD), which forms a CPP, in male but not 

female rats (Meehan & Schechter, 1998; Parker, 1996). It is important to note that with 

drugs of abuse, self-administration and place conditioning effects are likely dose-

dependent. Very low or very high doses may not be self-administered, and very high 

doses may induce a CPA rather than a CPP (Green & Bardo, 2020; Risinger & Oakes, 

1995). Further, place conditioning has operant-like behaviour, such as moving from one 

context to another to experience the associations with reward, and that self-

administration has Pavlovian-like stimuli associated with reinforcement, such as 

contextual cues and discrete stimuli such as an illuminated light, or WN (Green & 

Bardo, 2020). 

We hypothesized a transference of excitatory (FP) and inhibitory (FN) learning 

from the occasion setting procedure in both our previous work with self-administration, 

and our current study of place conditioning. The Pavlovian-to-instrumental transfer (PIT) 
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paradigm is often used to assess the ability of a CS to modulate instrumental 

responding in rats and mice (Corbit & Janak, 2007; Holland, 2004), and is commonly 

used in conditioned incentive procedures to measure wanting (Berridge & Robinson, 

2003). PIT can be subdivided into “Specific PIT”, when a CS associated with reward 

modulates instrumental responding to the same reward, and “General PIT” in which the 

CS enhances responding to a different reward (Cartoni et al., 2013). A general PIT 

paradigm involves three phases: Pavlovian training, instrumental training, and a transfer 

test. In the Pavlovian phase, when the stimulus is paired with an appetitive reward, 

instrumental responding is enhanced, and conversely if the stimulus is paired with an 

aversive event, an aversive transfer ensues (Cartoni et al., 2016). In the instrumental 

training phase, a contingency is developed in which a behaviour leads to the delivery of 

an outcome. In the final test phase, the subject has the opportunity to perform the 

instrumental action, however, the CS trained in the Pavlovian phase is present during 

the instrumental response. The response behaviour during the instrumental phase 

(when no CS is present) is compared to the test phase. Generally, it is found that a 

paired CS+ enhances instrumental responding compared to an unpaired CS- and 

compared to baseline instrumental responding. Thus, it is conceivable that a morphine 

OS has modulated subsequent instrumental morphine responding; however, the current 

study may differ as the secondary task, place conditioning, is not instrumental, but 

primarily Pavlovian.  

4.2 Acquisition of FP and FN discrimination 

Our results show that FN-trained male and female rats acquired discrimination 

slower than our FP-trained male and female rats. Our FN rats achieved stable 

discrimination by session 10, whereas our FP rats achieved stable discrimination by 

session 5. Our findings are consistent with previous results from our laboratory in which 

FP rats also appeared to result in faster discrimination; FP males discriminated after 11 

or 12 sessions, whereas FN males discriminated after 13 sessions (Andrade, 2020). 

Our results are also consistent with studies that show methamphetamine-FP rats also 
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acquire discrimination faster than methamphetamine-FN male rats, (Reichel et al., 

2007); however, in contrast to studies showing that acquisition of nicotine trained as a 

negative feature occurs relatively quickly in male rats (Bevins et al., 2006; Murray et al., 

2011). Our results may be explained by the Feature Positive Effect, which states that 

the acquisition of discrimination occurs more readily in the presence of a positive 

feature versus a negative feature (Jenkins & Sainsbury, 1969, 1970), an effect seen in a 

wide variety of animals including pigeons, rodents, and humans (Andrade, 2020; 

Jenkins & Sainsbury, 1969; Lotz et al., 2012).   

4.3 Conditioned Excitation and Inhibition of an OS 

In determining conditioning between a CS and US, conditioned excitation in 

appetitive occasion setting is relatively straightforward to measure. If the CS comes to 

elicit greater responding than prior to conditioning, then conditioned excitation has 

occurred (Rescorla, 1969). To measure conditioned inhibition in occasion setting, one 

may expect a decrease in conditioned responding, however, a decrease in responding 

cannot be measured if no responding occurred in the first place (Rescorla, 1969). Thus, 

in order to test for conditioned inhibition in rats and mice, the OS is required to pass 

both a test of summation and a test of retardation of acquisition (Rescorla, 1969).  

The summation test simply predicts that if an excitor is presented with a 

conditioned inhibitor, then the response to the pair in combination would be less than 

the response to the excitor alone. In comparison, the retardation of acquisition test 

predicts that prior inhibitory training slows subsequent excitatory conditioning. If 

conditioned inhibition subtracts from conditioned excitation, then associating an 

inhibitory stimulus with excitatory condition should retard the development of that 

excitatory conditioning (Rescorla, 1969). Both tests are used in tandem to rule out the 

idea that results could be due to attentional controls. In the summation test, a possible 

reason for decreased responding to the pair of stimuli could be due to increased 

attention to the inhibitor at the expense of the excitor, thus decreasing responding. In 

the retardation of acquisition test, slowed acquisition of excitatory conditioning to a CS 
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could be due decreased attention to the inhibitor. Thus, by passing both tests, the 

possibility that differential attention can be an explanation for the result of either test is 

ruled out (Rescorla, 1969). In testing for conditioned inhibition of an OS, the OS must 

then be able to act as a CS; the only drug in which this has been demonstrated with so 

far is nicotine in male rats (Murray et al., 2011). Thus, we are unable to determine if the 

interoceptive state of other drugs of abuse, including morphine in the current study, act 

as an inhibitor to a CS-US representation, or merely act as a feature that predicts an 

inhibitory CS-US representation. 

An OS, however, can transfer control to a novel CS that is trained in the same 

occasion setting procedure (Holland, 1986; Holland & Lamarre, 1984). In a FP 

discrimination task, nicotine, amphetamine, or CDP drug states set the occasion for a 

CS to be paired with sucrose reward in male rats (Palmatier & Bevins, 2008). All drugs 

successfully evoked responding to the CS. A second discrimination was trained in that a 

CDP drug state signaled that a light CS would be followed by sucrose, and that a 

nicotine drug state, would signal a noise CS would be followed by sucrose. The drug 

state OS indeed led to responding to the CS trained in their respective states (e.g., 

CDP-light), however, the OS also led to responding to the CS trained in the converse 

state (e.g., CDP also led to responding to the noise-CS). Finally, an amphetamine drug 

state which was not experienced in any training procedures did not affect responding to 

the CS, indicating that OSs and CSs had to undergo associative learning in order for 

transfer to occur (Palmatier & Bevins, 2008). As mentioned, according to hierarchal 

theorists, the OS acts to modulate the CS-US association, and thus cannot generalize 

its responding to a transfer test target, and therefore cannot modulate responding to 

cues trained outside of an occasion setting procedure (Fraser & Holland, 2019; Holland, 

1992). We hypothesized that morphine, trained as an OS, would transfer control of 

responding from a WN-CS to a morphine-paired context-CS, and found that the FP-

trained morphine OS did not imbue the context with additional rewarding properties, 

however, the FN-trained morphine OS did imbue the context with inhibited rewarding 

value, but only in females. 
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A limitation to our study is that during place conditioning, a WN was presented 

constantly throughout the procedure to block external noises in the testing room. It is 

conceivable that this WN acted as a CS, similar to the WN which previously acted as a 

CS during the discrimination phase. In this case, the context could acquire occasion 

setting properties in which the context signals whether the WN signals morphine 

availability. For example, context A would be paired with morphine, and would signal 

that WN is reinforced by the interoceptive effect of morphine; context B would be paired 

with saline, and would signal that WN is not reinforced. 

Contexts are proposed to act in a modulatory fashion similar to OSs in studies 

using animals (Fraser & Holland, 2019; Fraser & Janak, 2019; Holland & Bouton, 1999). 

Thus, contextual stimuli may be subject to blocking procedures seen in simple 

associations, in which a CS that has been paired with a US, is presented in compound 

with a second CS (i.e., A+, then AX+), responding to the second CS (X) is impaired 

(Kamin, 1969). Similarly, when two OSs are presented in compound, modulatory 

conditioning to one OS is impaired (Alfaro et al., 2018; Swartzentruber, 1991). Indeed, 

in male rats, when a light OS trained to signal food reinforcement of a tone CS, and a 

light and context were trained to signal food reinforcement of a tone, it was found that 

previous discrimination with the light OS blocked conditioning of the context’s control 

over the tone CS-US association. Conversely, initial discrimination with the context 

blocked learning of the light OS, suggesting that contexts develop control over 

responding to a CS and that both the context and OS can compete for modulatory 

function (Swartzentruber, 1991; Trask et al., 2017). Thus, we hypothesize that the 

inhibitory FN OS training would compete with, possibly via a blocking mechanism, the 

excitatory morphine conditioned context of the place conditioning chamber, and there 

would be a decrease or absence in place preference. Similarly, we hypothesize that the 

excitatory FP OS training would block the excitatory morphine conditioned context of the 

place conditioning chamber, and there would still be place preference resulting from the 

initial FP discrimination. Interestingly, we only found blocking to occur in our FN female 
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rats. This could be due to the differing rewarding effects of morphine in males and 

females.  

It is conceivable that in the male FN-trained group, that learning, as well as the 

incentive value of the OS, did not cause blocking of subsequent CPP learning and 

salience to morphine, because the morphine OS lacked salience. In the FN-preparation, 

rats are presented with either morphine or sucrose on each day, thus, the morphine OS 

acquires less value than in a FP-preparation where morphine and saline are both 

presented on one day, and not presented on the following day. Females are more 

sensitive to the rewarding and reinforcing effects of morphine, thus, in the FN-

preparation, the morphine OS may be salient enough to differentiate between 

drug/sucrose days, but not in males. Thus, FN-trained females, but not males, 

experienced blocking of learning and salience of the morphine place conditioning 

procedure.  

4.4 Morphine Pre-Exposure 

By using male and female control groups that did not receive exposure to morphine 

prior to place conditioning, we were able to control for the variables of exposure, 

handling, injections, chamber time, noise stimuli, and sucrose. Thus, we could indirectly 

look at the effect of morphine pre-exposure by comparing our control group to our 

experimental group. Indeed, we have found that morphine pre-exposure did not 

sensitize morphine place conditioning, in that our male FP and FN- trained animals, as 

well as our female FP animals did not differ from their respective control groups.  

Our results are consistent with a study that also found no effect of morphine pre-

exposure on morphine CPP (Koek, 2014, 2016). Male adolescent and adult mice were 

pre-exposed to a large dose of morphine (17.8 or 56 mg/kg) 3 days prior to place 

conditioning testing in which they were administered 0.32, 1, 3.2, or 10 mg/kg of 

morphine. 17.8 and 56 mg/kg doses of morphine were selected from a previous study 

due to their ability to cause maximal effects of locomotor sensitization (Koek, 2014). 



 

 

48 

 

These mice did not show any sensitization to CPP, however, it was found that the adult 

mice, but not adolescents, showed tolerance to the rewarding effects of morphine due 

to the high doses (Koek, 2016).  

Other studies show conflicting results. Morphine pre-exposure produced 

sensitization to rewarding effects of morphine in a place conditioning procedure using 

male rats. Rats were injected with a smaller dose (5 mg/kg) of morphine or saline for 5 

days, then subsequently underwent place conditioning after a varying number of days. It 

was found that the increased sensitization to morphine was apparent when place 

conditioning took place 3, 10 or 21 days after pre-exposure treatment, and was not 

evident 1 day after pre-exposure treatment (Shippenberg et al., 1996). In a separate 

study, morphine pre-exposure also enhanced acquisition of morphine CPP in male rats 

that received 20 mg/kg of morphine 12 days prior to training, then underwent place 

conditioning with 2.5 mg/kg morphine the following day while continuing daily injections 

after conditioning sessions, which may further confound results (Gaiardi et al., 1991). It 

was also found that morphine pre-exposure enhanced subsequent morphine CPP in 

another study using male rats. Rats were administered 5 mg/kg of morphine every other 

day for 10 days, then underwent a place conditioning procedure beginning the following 

day, with 1 or 5 mg/kg of morphine (Simpson & Riley, 2005). A study using male mice 

found that morphine pre-exposure sensitized the acquisition of CPP. In this study, mice 

were pre-exposed to large doses of 20 mg/kg then 50 mg/kg for 10 days during 

adolescence. In adulthood, 11 days after the final pre-exposure day, mice underwent 

place conditioning with 1, 5, 20 and then 40 mg/kg of morphine for 4 conditioning days 

per dose and one test day per dose (Madison et al., 2020).  

It is presumed that the dose of morphine used during pre-exposure and during place 

conditioning may be a factor in producing tolerance at higher doses (Koek, 2016) and 

sensitization with lower doses (Gaiardi et al., 1991; Shippenberg et al., 1996; Simpson 

& Riley, 2005). However, results also show that large doses of morphine can produce 

sensitization in a different place conditioning procedure (Madison et al., 2020). The 

duration of morphine exposure may also be a factor. On average these studies pre-
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exposed animals to morphine for less than 2 weeks, whereas in our study, animals were 

pre-exposed to morphine for 32 days. Thus, tolerance to morphine may have occurred 

in our study as opposed to sensitization, even though we used a relatively low dose (3.2 

mg/kg). Further, the latency between pre-exposure and place conditioning is also a 

compounding factor (Shippenberg et al., 1996). Some of these studies waited for a 

number of days before place conditioning took place (Madison et al., 2020; Shippenberg 

et al., 1996), whereas in our study, rats underwent place conditioning the following day. 

As well, our study was the only one that included females, and it is evident that the 

females are more sensitive to the rewarding effects of opioids than males, thus it is 

difficult to compare results.  

4.5 Locomotor Activity  

Locomotor activity was the only effect of sex found during the discrimination phase, 

specifically, a between-subjects effect of sex in the FN-trained group. In the 

discrimination phase of the present study, neither FP, not FN-trained females showed 

greater locomotor sensitization to morphine than males, as we found no Sex x Session 

x Drug interaction (Segarra et al., 2014). For FN and FP-trained females, but not males, 

the first and first two sessions showed no difference in locomotor activity for morphine 

and saline trials, however, females appeared to have a steeper incline in locomotor 

activity induced by morphine as training continued. A major limitation to our study is that 

we were not able to measure locomotor activity in the place conditioning procedure, as 

contexts modulate acute psychomotor effects of morphine (Badiani et al., 2000), 

although it has been found that dose-dependent morphine CPP does not show changes 

in locomotor activity in male rats (Rezayof et al., 2008; Zarrindast et al., 

2006).Therefore, we could not control for a possible locomotor effect due to repeated 

morphine conditioning throughout the place conditioning training sessions, which may 

decrease CPP on test day because of more distance travelled throughout the entire 

chamber, due to locomotor effects, and therefore less time spent in the paired context.  
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Novel environments enhance psychomotor responses to morphine and induce 

psychomotor sensitization to morphine in male rats and mice (Badiani et al., 2000; 

Koek, 2014, 2016), thus one would expect to see decreased locomotor effects over the 

course of the place conditioning procedure, and therefore would increase CPP over 

time. However, place conditioning studies using male mice have found that locomotor 

effects due to acute morphine administration correlate with locomotor activity when 

exposed to the novel context; however, this correlation was not evident in saline-control 

animals, implying that place conditioning was not determined by locomotor activity due 

to a novel context (Koek, 2014, 2016). 

Further, there is a sex-dependent effect of morphine on locomotor activity. Females 

are more sensitive to the locomotor effects induced by morphine (7.5 mg/kg), and pre-

treatment of the D2R antagonist, sulpiride, inhibited locomotor activity in female, but not 

male mice (Karami & Zarrindast, 2008). Further, female rats and mice in proestrus are 

more sensitive to locomotor sensitization than females in estrus or diestrus. Indeed, 

castrated males were equally as sensitive to morphine’s locomotor effects with or 

without testosterone treatment, indicating that testosterone likely does not play a role in 

morphine-induced locomotor activity. In comparison, OVX female rats treated with 

estradiol showed a decrease in locomotor effects, similar to intact females during 

estrus, thus estradiol is necessary for morphine-induced decreased locomotor activity 

(Craft et al., 2006). In both sexes, however, morphine shows a biphasic effect on 

activity, in that both sexes show early locomotor suppression and later increases (Craft 

et al., 2006).  

In this study we found a sex-dependent effect of morphine as an OS on subsequent 

morphine reward, measured by place conditioning. However, the neurobiological 

mechanisms behind morphine as an OS are not well understood. Thus, we have begun 

to look at the role of DA in morphine occasion setting.  
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5 Future Directions: The Role of Dopamine in Occasion 

Setting  

5.1 Current Study 

One future direction our laboratory has begun to investigate is the 

pharmacological bases of morphine as an OS, specifically, looking at the role of DA in 

the expression of occasion setting in both male and female rats. In occasion setting 

procedures, an interoceptive stimuli can disambiguate whether a CS will be followed by 

the US, thus OSs are the earliest reward-predicting stimulus in this sequence of 

discrimination learning (Aquili et al., 2020; Pan et al., 2005). Midbrain DA neurons are 

involved in processing such rewards (Collins & Saunders, 2020), and OSs, therefore, 

attain a DA-related predictive value of reward (Aquili et al., 2020). Indeed, in male rats, 

increased DA cell firing in response to a CS was further enhanced when preceded by 

an OS, and was correlated with increases in behavioural responses, such as lever 

pressing, to obtain the US (Aquili et al., 2020). Further, in male and female rats, VTA 

DA-ergic activity is necessary for OSs to facilitate reward-seeking behaviour to a 

discrete exteroceptive CS. Indeed, administration of the non-specific DA antagonist, 

flupenthixol, to the NAcC and NAcS reduced reward seeking and discrimination (Fraser, 

2021). Thus, the VTA-NAc DA-ergic circuitry seems to play a role in the expression of 

occasion setting. However, this has yet to be determined in occasion setting procedures 

in which the OS is an interoceptive discriminative stimulus, such as morphine.  

We propose that DA acts as a signal to attend to reward related cues, and thus 

would function in concert with CSs that act as such cues to signal reward. Therefore, we 

hypothesize that DA is required for both the acquisition and expression of morphine 

occasion setting. This would be consistent with studies that show a role in the 

expression opioid place conditioning in male rats (Koob, 1992; Pettit et al., 1984), 

another Pavlovian procedure, but in contrast to studies that have found no consistent 
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role of DA in the expression of opioid self-administration, also in male rats (Ettenberg et 

al., 1982; Pettit et al., 1984). 

To assess the role of DA in the expression of morphine occasion setting in male 

and female rats, we are using systemic injections of flupenthixol, a non-specific DA 

antagonist, or apomorphine, a non-specific DA agonist, prior to testing of FP and FN 

occasion setting expression, after a 32-day discrimination training procedure, similar to 

that of our previous study. Future studies should use systemic injections of flupenthixol 

or apomorphine during the discrimination phase to determine if DA is required for the 

acquisition of FP and FN occasion setting learning. Further, to examine the role of sex 

differences, future studies should include gonadectomized males and females as well 

as gonadectomized males and females treated with different gonadal hormones: 

estradiol, progesterone and testosterone. 

5.2 Dopamine Neuroanatomy  

Drugs of abuse increase extracellular DA concentrations in both human and non-

human animals (Di Chiara & Imperato, 1988; Nestler, 2005). DA is implicated in 

Pavlovian reward and instrumental reinforcement in SUDs. The mesocorticolimbic 

pathway consists of A10 DA neurons that project from the VTA to the ventral striatum, 

comprised of the nucleus accumbens core (NAcC) and nucleus accumbens shell 

(NAcS). VTA neurons also project to the medial and orbital prefrontal cortex, bed 

nucleus of stria terminalis, olfactory tubercle and amygdala (Galaj, Newman, et al., 

2020; Thomas et al., 2008). Further, the lateral VTA receives information from the 

lateral hypothalamus and ventral pallidum about the salience of stimuli, as well as 

interoceptive cues that modulate motivational states in Pavlovian conditioning (Collins & 

Saunders, 2020).  

Interestingly, the nigrostriatal pathway works in parallel to the mesolimbic 

pathway to process rewards (Galaj, Han, et al., 2020). The nigrostriatal pathway 

consists of A9 DA neurons that project from the substantia nigra pars compacta (SNc) 
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to the dorsal striatum, comprised of the dorsal lateral and dorsal medial striatum, which 

includes the caudate nucleus and putamen, the primary input structures to the basal 

ganglia, which are associated with motor control (Haber & Knutson, 2010). Further, the 

SNc receives input from the somatosensory and motor cortices, and thus is traditionally 

implicated in motor control (Comoli et al., 2003; Haber & Knutson, 2010; Watabe-

Uchida et al., 2012). Deficits in DA signaling in the VTA impair learning and reward 

related behaviours, and similar DA deficits in the SNc lead to impaired movement 

planning, and execution (Collins & Saunders, 2020). Further, excessive VTA and SNc 

DA signaling leads to compulsive motivation and behavioural inflexibility which are key 

components of drug addiction (Cardinal et al., 2002; Everitt & Robbins, 2005; Robinson 

& Berridge, 1993). Thus, the VTA and SNc likely initiate DA firing to the dorsal striatum 

in parallel to signal attention to reward and to initiate movement in a goal-seeking 

manner (Collins & Saunders, 2020; Haber & Knutson, 2010). 

Another area that is implicated in opioid reward and reinforcement is the 

substantial nigra pars reticulata (SNr) which may be region of target for 

pharmacotherapies. The MOR gene, Oprm1, is highly expressed on GABA neurons, 

which disinhibit DA release, and are expressed more in the SNr than the VTA (Galaj, 

Han, et al., 2020). This indicates that the SNr may be of more relevance in drug studies 

than the VTA. Further, in male and female rats and mice, optogenetic activation of 

GABA neurons in the VTA has shown not to inhibit heroin self-administration, whereas 

optogenetic activation of GABA neurons in the SNr did induce heroin self-administration 

(Galaj, Han, et al., 2020). Thus, consideration for the mesolimbic and nigrostriatal DA 

pathways regarding reward and reinforcement of opioids is warranted.  

5.2.1 Dopamine Receptors 

In human and non-human animals, DA receptors belong to the G protein-coupled 

receptor (GPCR) superfamily and are subdivided into D1-like (Dopamine D1 receptor 

(D1R), and Dopamine D5 receptor (D5R)) and D2-like (Dopamine D2 receptor (D2R), 

Dopamine D3 receptor (D3R), and Dopamine D4 receptor (D4R)) receptors (Garau et 
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al., 1978). D1-like receptors are located on non-DA-releasing neurons and stimulate 

neuronal signaling via GPCRs, Gαs/olf, activating adenylyl cyclase, thereby increasing 

cyclic adenosine monophosphate (cAMP) production. D1-like receptors are expressed 

post-synaptically throughout the striatum, on DA target cells, such as GABA-ergic 

medium spiny neurons (MSNs) (Beaulieu & Gainetdinov, 2011; Ford, 2014; Stoof & 

Kebabian, 1981). In contrast, D2-like receptors are coupled to inhibitory GPCRs, Gαi/o, 

and inhibit adenylyl cyclase, and thereby decreasing cAMP production. D2-like 

receptors are expressed both pre- and post-synaptically, throughout the striatum, on 

DA-ergic neurons, and DA target cells, respectively (Beaulieu & Gainetdinov, 2011; 

Ford, 2014; Stoof & Kebabian, 1981).  

The majority of DA receptors are located on non-DA neurons, however, DA 

autoreceptors are located on DA neurons themselves, and play a critical role in 

providing feedback inhibition to control synthesis, release and reuptake of DA (Ford, 

2014; Missale et al., 1998; Sibley, 1999). D2Rs and D3Rs are present on DA neurons 

as autoreceptors, however D3Rs only play a minor role. D2 autoreceptors can be 

activated by a lower concentration of DA than postsynaptic receptors, thus DA can 

produce a biphasic effect of decreased firing at low doses and increased firing at high 

doses (Beaulieu & Gainetdinov, 2011). Both D1R and D2R have a wide distribution 

throughout the brain (Galaj, Newman, et al., 2020). D2R are highly expressed in areas 

of the mesolimbic DA system such as the NAc, VTA, SNc, olfactory tubercle, 

hippocampus, amygdala, hypothalamus, and cortical regions (Beaulieu & Gainetdinov, 

2011; Ford, 2014; Galaj, Newman, et al., 2020). Similarly, D1R are highly expressed in 

the nigrostriatal and mesocorticolimbic systems, as well as to a lesser extent in the 

hippocampus, cerebellum, and thalamic areas (Beaulieu & Gainetdinov, 2011). MSNs 

can mainly be divided into two classes, those MSNs that selectively express D1R, with 

a high expression of MORs, and are part of the nigrostriatal pathway which send GABA-

ergic projections to the medial globus pallidus and the SNr. And secondly, those  MSNs 

that selectively express D2Rs that are part of the striatopallidal pathway which indirectly 

projects to the SNr through the lateral globus pallidus and the subthalamic nucleus 
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(Beaulieu & Gainetdinov, 2011; Cui et al., 2014). D3R are preferentially located in the 

mesolimbic area, especially the NAcS and olfactory tubercle, as well as in other regions 

that regulate motivational behaviours such as the amygdala and hippocampus 

(Beaulieu & Gainetdinov, 2011; Galaj, Newman, et al., 2020).  D4R and D5R are less 

abundant in the mesolimbic DA system than others, and the D4R has the lowest 

expression of DA receptors in the brain (Beaulieu & Gainetdinov, 2011). D1R and D2R 

have primarily been recognized for their role in SUDs (Volkow & Morales, 2015), 

however, due to their wide distribution throughout the brain and periphery, they have 

low therapeutic value and increased side effects (Beaulieu & Gainetdinov, 2011). D3Rs 

are now gaining more attention as therapeutic targets due to their high, restricted, 

expression in the mesolimbic DA system; further, D3R have the higher affinity for 

endogenous DA than other receptors (Galaj, Newman, et al., 2020) 

5.3 Opioids and DA  

The rewarding effects of opioids, in human and non-human animals, are 

mediated by DA neurons in the ventral striatum. Opioids activate DA-ergic neurons in 

the rostromedial tegmental nucleus, VTA and SNc by inhibiting GABA-ergic 

interneurons (i.e. disinhibition) and subsequently increasing somatodendritic and axonal 

DA release in the NAc (Gysling & Wang, 1983; Klitenick et al., 1992; Matsui et al., 2014; 

Pierce & Kumaresan, 2006). Indeed, non-human animals have been shown to self-

administer opioids to the VTA (Bozarth & Wise, 1981) and form CPP to contexts 

associated with VTA infusions of opioids (Phillips & LePiane, 1980).  

5.3.1 Dopamine and Opioid Place Preference 

Mesolimbic DA has consistently been shown to be necessary for opioid induced 

CPP in male rats (Koob, 1992; Pettit et al., 1984). Further, DA and its metabolites 

dihydroxyphenyl acetic acid (DOPAC) and homovanillic acid (HVA) in the NAc are 

correlated with morphine CPP, in male rats (Ma et al., 2009). Activation of the NAc is 

necessary for morphine place conditioning, also in male rats (Esmaeili et al., 2012). 
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Indeed, temporary inactivation of VTA afferents to the NAc decreased acquisition and 

expression of morphine-induced CPP, in male rats (Moaddab et al., 2009). The NAcC 

and NAcS mediate different aspects of drug-reward behaviours (Everitt & Robbins, 

2005), specifically, DA mediated acquisition of Pavlovian learning arises from the NAcS, 

while behavioural expression arises from the NAcC (Di Chiara, 2002). Indeed, in male 

rats, blockade of D1Rs and D2Rs localized to the NAcS, impair the acquisition of 

morphine CPP, but has no effect on expression of CPP; whereas blockade of D1Rs and 

D2Rs localized to the NAcC, does not impair the acquisition of morphine CPP, but 

effects the expression of CPP (Fenu et al., 2006). With regards to opioids, DA in the 

NAcS has a greater role in responding to opioids or opioid-associated cues than the 

NAcC in male rats (Bassareo et al., 2013).  

Further, using DA-ergic agents administered to the NAc, bilateral injections of a 

non-selective DA receptor agonist, apomorphine, altered morphine place conditioning, 

in that lower doses increase morphine CPP, whereas while higher doses induce 

conditioned place aversion, in male mice (Zarrindast et al., 2006). Similarly in male 

mice, bilateral injections of the D1R agonist, SKF 38393, and the D2R agonist 

quinpirole, into the NAc, increased morphine CPP (Zarrindast et al., 2006). In contrast, 

bilateral injections of D1R antagonist SCH 23390 (Manzanedo et al., 2001) into the NAc 

(Zarrindast et al., 2006) decreased morphine CPP, whereas, administration of high 

doses of the D2R antagonist sulpiride increased morphine CPP, possibly due to 

blocking presynaptic DA autoreceptors (Zarrindast et al., 2006). Further, pre-treatment 

with sulpiride induced place aversion in male, but not female rats, indicating that D2Rs 

may not play a role in the rewarding effects of morphine in females, but do in males 

(Karami & Zarrindast, 2008).  

Administration of high doses of risperidone, a D2R and serotonin (5-HT) receptor 

antagonist, high doses of haloperidol, a D1R and D2R antagonist, a low dose of 

raclopride, a D2R antagonist and a low dose of clozapine, a D4R antagonist, have all 

been found to reverse morphine-induced CPP, in male mice (Manzanedo et al., 2001). 
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On their own, SCH 23390, haloperidol, a high dose of clozapine, and a low dose of 

risperidone produced conditioned place aversion (Manzanedo et al., 2001). 

D3R have further been specifically implicated in opioid place conditioning 

responses to drug cues (Ewing et al., 2021). Selective D3R antagonists, reduce heroin 

CPP in male and female rats, and male mice (Ashby et al., 2003; Galaj et al., 2015), 

and impaired expression of morphine CPP in male rats (Francès et al., 2004; Hu et al., 

2013). D3R agonists, (7-hydroxy-N,N-dipropyl-2-aminotetralin (7-OH-DPAT), 

quinelorane) and partial agonist, BP 897, enhanced acquisition of morphine induced 

CPP in male mice (Francès et al., 2004), suggesting a role of D3R in morphine reward. 

Thus, it seems as though incentive motivational behaviours elicited by opioid CSs 

require stimulation of D1R, D2R, and/or D3Rs. The role of D5Rs remains unknown.  

Finally, opioid receptors play an important role in opioid reward. Deletion of 

MORs abolishes opioid induced CPP in male mice (Cui et al., 2014). KOR also play a 

role in opioid place conditioning. Nalfurafine, a selective KOR agonist, attenuates 

oxycodone- (Y. Zhang & Kreek, 2020), and morphine- (Funada et al., 1993; Tsuji et al., 

2001) induced CPP in male and female, and male mice, respectively.  

Opioid receptors as well as DA play a receptor-dependent role in opioid place 

conditioning and therefore, it is hypothesized that opioid and DA may also play a 

receptor-dependent role in morphine occasion setting, both Pavlovian measures of 

conditioned reinforcement.  

5.3.2 Dopamine and Opioid Self-Administration 

The reinforcing properties of opioids are less reliant on ventral striatal DA than 

psychostimulants in male rats (Ettenberg et al., 1982; Pettit et al., 1984). In contrast to 

place conditioning, NAc injections of MOR antagonists cause compensatory increases 

in opioid self-administration, (Britt & Wise, 1983) followed by attenuation, but not 

abolishment of self-administration in male rats (Goeders et al., 1984) in male rats. A 

plethora of studies show, little to no effect of D1R or D2R antagonists or 6-
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hydroxydopamine (6-OHDA) lesions on self-administration of opioids in male rats and 

mice, except at very high doses, likely evoking generalized behavioural suppressant 

effects (Dworkin et al., 1988; Elmer et al., 2002; Ettenberg et al., 1982; Gerrits & Van 

Ree, 1996; Pettit et al., 1984). Further, pre-treatment with the non-specific DA 

antagonist, α-flupenthixol, showed only slight reduction in heroin self-administration, 

compared to a significant decrease in cocaine self-administration. Similarly, blockade of 

D1R in the NAc attenuates cocaine but not opioid self-administration in male rats 

(Gerrits et al., 1994; A. Pisanu et al., 2015), showing a dissociation between cocaine 

and opioid reinforcement mechanisms (Ettenberg et al., 1982).  

Other studies targeting discrete brain regions have shown selective DA receptors 

to play a role in opioid reinforcement. Indeed, DA concentrations in the NAcS are 

elevated by opioid self-administration and drug-paired cues in male rats (Bassareo et 

al., 2007; Lecca et al., 2007). Blockade of D1R using SCH 23390 in the NAcS, but not 

NAcC, and dorsal lateral caudate putamen attenuated context-induced reinstatement of 

heroin seeking; conversely in a non-drug context, blockade of D1R in the NAcC but not 

NAcS, attenuated cue-induced reinstatement in male rats (Bossert et al., 2007), 

showing another dissociation of the NAcS and NAcC, however this time in opioid 

reinforcement. Further, acquisition of morphine self-administration was inhibited by D1R 

antagonist SCH 23390, but not D2R antagonist eticlopride in the NAcS, and conversely 

blockade of D1R by SCH 23390 or D2R antagonist eticlopride in the dorsal lateral 

caudate putamen attenuated morphine self-administration. Both studies demonstrate a 

role for D1R in the NAcS and D1R and D2R in the dorsal lateral caudate putamen in 

opioid self-administration. In comparison, deletion of MORs on D1R or D2R had no 

effect on oxycodone self-administration in male and female mice (Severino et al., 2020).  

D3R antagonist SR 21502 injected systemically reduces cue-induced heroin 

seeking in a dose-dependent manner in male and female rats (Galaj et al., 2015), as 

well as the D3R antagonists CAB2-015, VK4-116, R-VK4-40; and partial agonist BAK4-

54 dose-dependently decreased oxycodone self-administration and reinstatement in 

male rats (Jordan, Humburg, et al., 2019; You et al., 2017, 2019). Also, when 
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administered in combination, low doses of D3R antagonist NGB 2904, and D1R partial 

agonist SKF 77434 attenuate cue-induced heroin self-administration, in male rats 

(Ewing et al., 2021). Further, D3 knock-out male mice show increased heroin self-

administration, and consume greater amounts of heroin during acquisition and 

maintenance of heroin self-administration, possibly due to compensatory increase in DA 

release or excitability, or an upregulation of DA transporter expression in the ventral 

striatum of male and female mice (Y. Zhang & Kreek, 2020). However, evidence has 

previously shown that BAK4-54 and CAB2-015 inhibited heroin self-administration in 

wild-type male mice, but not in D3R knock-out male mice (Boateng et al., 2015).  

Selective deletion of MORs from D1R and D2R MSNs in male and female mice, 

has been shown, however, to increase heroin self-administration, and deletion of MORs 

from GABA neurons showed a higher break-point in heroin self-administration, but no 

changes in heroin-induced CPP (Charbogne et al., 2017). Thus, MORs from D1R and 

D2R MSNs may play a role in opioid reinforcement, but not opioid reward (Charbogne 

et al., 2017). Further, there seems to only be a role of MORs, but not DORs or KORs, in 

context-induced reinstatement of oxycodone self-administration. Context-induced 

reinstatement of oxycodone self-administration is decreased by the MOR antagonist 

naltrexone, as well as the number of infusions, and breakpoint on a progressive-ratio 

schedule of reinforcement, in male rats (Bossert et al., 2019). Further, KOR agonists 

such as nalfurafine, decrease oxycodone self-administration in a dose-dependent 

manner, and KOR antagonist, nor-BNI reversed such effects. KOR agonist, U50,488 

has also been shown to decrease morphine and cocaine self-administration, in male 

rats and mice (Kuzmin et al., 1997). Therefore, opioid receptors play contrasting roles in 

opioid self-administration.  

Although the role of DA in opioid self-administration is more conflicting, there also 

seems to be a DA receptor-dependent effect. We hypothesize that DA is required to 

attend to a CS predictive of reward in occasion setting, similar to place conditioning. 

Further, we hypothesize that DA is also required for the acquisition of opioid self-

administration, as it is required to attend to the operant stimulus (e.g., lever) to learn the 
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operant behaviour. However, we hypothesize that DA is not required for the expression 

of opioid self-administration, as once the association is learned, the opioid drug itself 

produces a strong enough euphoric effect to drive the animal back to the stimulus for 

further reinforcement of the opioid, without needing to attend to the operant stimulus to 

provide incentive motivation. This would further exemplify the differences between the 

constructs of reward and reinforcement, measured with place conditioning and self-

administration, respectively.  

5.3.3 Behavioural Sensitization  

Repeated exposure to drugs elicit neuroadaptations that result in an increase 

(sensitization) or decrease (tolerance) in sensitivity to the effects of drugs, in both 

human and non-human animals (Di Chiara, 1998). Morphine, as well as other drugs of 

abuse such cocaine and amphetamine, elicit psychomotor sensitization when 

administered repeatedly, and is a mechanism thought to underlie drug addiction (J. 

Stewart & Badiani, 1993; Wise & Bozarth, 1987). Behavioural sensitization is due to 

neuroadaptations in circuits involving DA-ergic and glutamatergic transmission within 

the VTA, NAc, prefrontal cortex and amygdala (Vanderschuren & Kalivas, 2000).  

Studies have shown mixed results in that the acquisition of behavioural 

sensitization of opioids does not rely on DA receptors. D1R antagonists SCH 23390, 

eticlopride, sulpiride, Ro 22-2586, and haloperidol have been shown to be ineffective in 

blocking acquisition of morphine sensitization in male rats (Jeziorski & White, 1995; 

Kalivas, 1985; Vezina & Stewart, 1989). The D2R antagonist YM-09151-2 has been 

shown to be effective in inhibiting the acquisition of morphine sensitization in male mice 

(Kuribara, 1995). In comparison, the D1R antagonist, SCH 23390 has been found to 

reduce acquisition and block expression of sensitization to intermittent morphine 

administration, also in male mice (Kuribara, 1995; Serrano et al., 2002) when 

administered directly to the ventral pallidum (Zarrindast et al., 2007); the D2R 

antagonist raclopride (Serrano et al., 2002), and D2R sulpiride, have also been shown 

to be effective inhibiting the expression of morphine sensitization in male rats and mice 
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(Zarrindast et al., 2007). Further, morphine and oxycodone induced sensitization and 

hyperlocomotion were blocked by deletion of MORs from D1R-expressing neurons; but 

deletion of MORs from D2Rs had no effect in male and female mice (Severino et al., 

2020).  

It has also been found that D3Rs play a role in opioid sensitization. Morphine-

induced contextual behavior sensitization has been found to be due to up-regulation of 

NAc D3R mRNA and this sensitization is reduced with SB-277011A, a D3R antagonist, 

in male rats (Liang et al., 2011). Further, basal levels of heroin-induced locomotion was 

increased due to D3R deletion, and locomotor responses were decreased in response 

to heroin in male mice (Zhan et al., 2018). In comparison, male D3R knock-out mice 

show increased morphine-induced hyperlocomotion (Narita et al., 2003). Further, in 

male and female mice, KOR agonist nalfurafine attenuated oxycodone- (Y. Zhang & 

Kreek, 2020) and in male mice only, KOR agonist TRK-820 attenuated morphine- (Tsuji 

et al., 2001) induced hyperlocomotion and was blocked by nor-BNI (Tsuji et al., 2001). 

Thus, the role of DA in behavioural sensitization to opioids also seems to be DA-

receptor specific and may be a confounding variable when measuring conditioned 

reinforcement.  

5.4 Theories Involving Dopamine 

Considerable debate exists around DA’s exact role in reward, reinforcement, and 

learning in human and non-human animals. Many of these ideas began developing 

around the same time, after initial notion that DA in the NAc evoked reward (Wise & 

Rompre, 1989). Since then, there has been divergence in theoretical perspectives and 

research practices to investigate these roles.  

5.4.1 The Hedonia Hypothesis 

The hedonia hypothesis postulates that DA mediates the pleasure produced by 

natural reinforcers or other unconditioned stimuli (Koob & Le Moal, 1997; Wise & 

Rompre, 1989). However, we now know that it is more likely the endogenous opioid 
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system that controls hedonic affect and is altered after prolonged drug use (Le Merrer et 

al., 2009). Indeed, in male rats, MOR, DOR, and surprisingly KOR stimulation in the 

rostrodorsal quadrant of the medial NAcS mediates ‘liking’ of natural rewards and drug 

rewards, assessed by orofacial reactions (Castro & Berridge, 2014; Peciña & Berridge, 

2005), and stimulation in this area produces CPP (Castro & Berridge, 2014). Further, 

stimulation of the caudal half of the NAcS suppresses hedonic reactions (Castro & 

Berridge, 2014). In comparison, DOR stimulations in the rostrodorsal shell, and MOR 

and KOR stimulations throughout the entire medial shell, showed increased ‘wanting’ 

measured by an increase in eating behaviour and food consumption (Castro & Berridge, 

2014). Other hedonic hotspots have also been identified with human neuroimaging, 

including in the posterior portion of the ventral pallidum, near the brainstem parabrachial 

nucleus of the pons, in the anterior orbitofrontal cortex, and in the posterior insula. 

(Castro & Berridge, 2017; Olney et al., 2018). 

The zeitgeist, however, has shifted to other hypotheses indicating that DA may 

function in an anticipatory, or appetitive manner, as opposed to consummatory 

(Berridge, 2012; Berridge & Robinson, 1998a, 2003; Robinson & Berridge, 2008). In 

fact, DA is not required for hedonic reactions to sensory pleasure at all, and 

manipulations of DA systems can modify motivation, but fail to alter hedonic reactions 

(Berridge, 2012; Peciña et al., 1997; Robinson & Berridge, 2008; Treit & Berridge, 

1990). Further, studies using male rats have shown that DA systems are activated prior 

to consummation of rewards, leading to the notion of prediction. Surprisingly, the 

presentation of a CS to drug-naïve rats resulted in a small increase in phasic DA 

activity, followed by the expected, greater and more sustained DA activity to the same 

CS, after repeatedly paired with cocaine (Kiyatkin & Stein, 1996). Further, 

electrophysiological data show that mesolimbic DA neurons increase firing prior to drug 

self-administration of heroin, and subsequently decrease once the drug is administered 

(Kiyatkin & Rebec, 2001).  
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5.4.2 Reward Prediction Error 

Another view of DA is that it signals reward prediction error (RPE), and is 

necessary for learning of stimulus-reward associations in both human and non-human 

animals (Schultz et al., 1997). Phasic striatal DA activity in the NAcC increases in 

anticipation when reward is greater than expected, based on the CS’s learned predictive 

value. If reward is less than predicted, DA activity decreases, and neuronal activity is 

unchanged when the stimulus is accurately predicted and therefore, DA neuronal 

activation codes learning and modifies learned predictive associations of reward cues 

(Schultz, 1998, 2007, 2013; Schultz et al., 1997). Thus, activation of DA neurons 

depends on the US being surprising, whereas a predicted US may not activate the 

same DA neurons (Pan et al., 2005; Waelti et al., 2001). The phasic activation of DA in 

RPE coding cells is thought to modulate learning about previous cue-rewards 

(Steinberg et al., 2013); however, it is also suggested that DA is not necessary for 

learning stimulus-reward associations, but is merely a consequence of learning that 

imbues reward cues with incentive motivational value (Berridge, 2007, 2012). Further, 

salient, but non-rewarding, or aversive stimuli can also elicit phasic DA activity 

(Bromberg-Martin et al., 2010), thus RPE may not entirely account for phasic DA 

signaling (Keiflin & Janak, 2015).  

5.4.3 Incentive Salience 

Incentive Sensitization Theory states that in human and non-human animals, 

repeated drug exposure induces DA-dependent sensitization to the incentive properties 

of the drug and drug-CSs (Olney et al., 2018; Robinson & Berridge, 1993). In this 

theory, DA is necessary to attribute incentive properties to CSs after their associative 

conditioning. (Berridge & Robinson, 1998b). Such incentive sensitization occurs when 

the motivation for drug use shifts from ‘liking’ the effects of the drug, to a state of 

pathological ‘wanting’ of the drug (Berridge, 2007; Berridge & Robinson, 2003; Olney et 

al., 2018; Robinson & Berridge, 1993; Warlow & Berridge, 2021). Incentive salience, or 

‘wanting’ is a type of motivation towards reward elicited by mesolimbic DA system, and 
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is triggered by learned Pavlovian reward cues (CSs) as well as unexpected encounters 

with the rewards themselves (USs) (Berridge, 2007; Berridge & Robinson, 2003; Olney 

et al., 2018; Robinson & Berridge, 1993; Warlow & Berridge, 2021). ‘Liking,’ on the 

other hand, works in tandem with ‘wanting’ and is the hedonic feeling produced by 

consuming such reward (Berridge, 2007; Berridge & Robinson, 2003; Olney et al., 2018; 

Robinson & Berridge, 1993; Warlow & Berridge, 2021). This hedonic affect, however, is 

not the component of drug reward that is sensitized in those with SUD, and is not a 

process mediated by DA-ergic systems (Berridge, 2012; Berridge & Robinson, 1998a; 

Olney et al., 2018; Robinson & Berridge, 1993, 2001; Warlow & Berridge, 2021), but by 

the opioid system (Le Merrer et al., 2009).  

Incentive stimuli integrate neurobiological and physiological states with 

previously learned Pavlovian associations, allowing behaviour to be directed by 

appetitive stimuli without the need of further learning, even in absence of such stimuli 

and when the primary reinforcer is devalued (Berridge, 2012; Warlow & Berridge, 2021). 

Thus, unlike RPE which requires values to be continuously updated on a trial-by-trial 

basis, the incentive salience hypothesis does not require any re-exposure to CS-US 

pairings (Berridge, 2007). Incentive salience stands in contrast to ‘cognitive desire’ 

which is not stimulus dependent, but more dependent on value-predictions based on 

past memory; it is relatively stable and is not modulated by DA fluctuations in the 

mesolimbic circuitry to the same extent, unlike the ‘wanting’ state of incentive salience 

(Berridge, 2012).  

Generally, engagement with a CS triggers US-directed motivation, such as 

increased instrumental behaviour, to obtain the reward; however, the CS itself can also 

be imbued with incentive salience, and thus not only trigger ‘wanting’ of the US, but 

often ‘wanting’ of the CS itself, as the CS may acquire appetitive properties similar to 

that of the US (Berridge, 2012). Indeed, a CS that has been imbued with incentive 

salience has three main properties. First, the CS becomes ‘wanted’ and elicits 

Pavlovian conditioned approach behaviour. Second, the CS can elicit continued 
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instrumental behaviour (i.e., PIT). And third, it can act as a conditioned reinforcer of 

instrumental behaviour (Robinson & Berridge, 2008).  

Incentive salience can be distinguished by whether ‘wanting’ is US-directed or 

CS-directed (Robinson et al., 2014). Such a distinction has been demonstrated in 

human and non-human animals, in that subsets will behave as ‘sign-trackers’ that tend 

to approach the CS when it is presented, or as ‘goal-trackers’ that tend to approach the 

US when the CS is presented (Boakes, 1977; Flagel et al., 2009; Hearst & Jenkins, 

1974). For instance, with sign-trackers, a CS, such as a lever or light, will gain incentive 

value, and the ability to act as a conditioned reinforcer, such that it will elicit approach 

and engagement (Hearst & Jenkins, 1974; Yager et al., 2015). On the other hand, goal-

trackers are more oriented towards the US, or location of the US such as a food-port, 

which would elicit relatively more incentive value (Boakes, 1977; Robinson & Flagel, 

2009; Saunders & Robinson, 2013; Yager et al., 2015). DA is not necessarily implicated 

in reward learning, in which a CS becomes an effective predictor of reward, but is 

necessary for attributing incentive value to the CS (Flagel, Clark, et al., 2011). 

The ventral pallidum plays an important role in the incentive properties of cues 

and rewards (Smith et al., 2011). Indeed, in male rats, both the rostral and caudal 

ventral pallidum encode incentive salience of a lever-CS paired with food reward, in the 

form of sustained tonic firing in sign-trackers more than goal-trackers (Ahrens et al., 

2016, 2018). The paraventricular nucleus of the thalamus (Flagel, Cameron, et al., 

2011; Yager et al., 2015) and lateral hypothalamic area has also been implicated in 

attribution of incentive salience in sign-trackers in male rats (Haight et al., 2017). 

Indeed, also in male rats, lesions of the lateral hypothalamic area blocked the 

acquisition of sign-tracking to a food-CS and blockade of orexin signaling in the 

paraventricular nucleus of the thalamus reduced the expression sign-tracking and thus, 

attenuated the attribution of incentive salience to a food-CS (Haight et al., 2020). 

Further, the central nucleus of amygdala has recently been found to mediate incentive 

motivation to pursue and consume food, sex, and drug-related rewards, and even 

painful stressors such as attraction to a shock stimulus, in human and non-human 
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animals (Warlow & Berridge, 2021). Indeed, stimulation of the central nucleus of 

amygdala increases incentive motivation ‘wanting’, but not hedonic ‘liking’ of reward 

(Warlow & Berridge, 2021). 

In male rats, opioid cues, as well as food (Boakes, 1977; Hearst & Jenkins, 1974) 

and cocaine cues (Yager & Robinson, 2013), but not nicotine (Yager & Robinson, 

2015), are more attractive to sign-trackers rather than goal-trackers; sign-trackers elicit 

greater approach behaviour and work harder for cue presentations that goal-trackers 

(Robinson et al., 2014; Yager et al., 2015; Yager & Robinson, 2013, 2015). Further in 

male rats, DA in the NAcC is necessary for the opioid-related cues to attain reinforcing 

effects; indeed, flupenthixol, a non-specific DA receptor antagonist, administered to the 

NAcC, dose dependently reduces approach behaviour in sign-trackers, but has no 

effect on orienting behaviour towards the cue in both sign-trackers and goal-trackers 

(Flagel, Clark, et al., 2011; Yager & Robinson, 2015). This implies that decreasing 

approach behaviour is not due to the degradation of a CS-US association, but due to a 

decrease in the drug cue’s incentive value. Further in male rats, flupenthixol suppressed 

approach behaviour on the first trial, thus the decreased behaviour occurred in the 

absence of new learning (Yager et al., 2015). Thus, it is reasonable to hypothesize that 

DA would be required for drug associated cues, such as those in which an opioid OS 

indicates the presentation of a CS-US association in the current study.  

6 Implications 

Occasion setting is a procedure that allows us to look at hierarchal control over 

motivated behaviours that play a role in SUDs. In real-life scenarios, it is unlikely to 

experience cues without the influence of higher-order stimuli. Although research has 

looked at the control of contexts over associations in such a hierarchal fashion 

(Chaudhri, Sahuque, Cone, et al., 2008; Sciascia et al., 2015), occasion setting allows 

for a context to be reduced to a brief, discrete stimulus (Fraser & Janak, 2019), thereby 

allowing further investigation into the mechanisms behind drug-associated stimuli. By 

using OSs, we can examine the effect of interoceptive stimuli elicited from drugs of 
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abuse on other drug-cue associations. Dysregulation of occasion setting has also been 

implicated in psychiatric illnesses, such as post-traumatic disorder, and schizoaffective 

disorders (Fraser & Holland, 2019). Thus, it is clear that occasion setting has clinical 

relevance in the future of treating multiple types of psychiatric illnesses.  

In conclusion, by elucidating the behavioural and pharmacological role of 

morphine as an interoceptive stimulus OS, we can begin to understand the mechanisms 

behind the development of drug-associated cues with regards to SUDs and other 

psychiatric illnesses, and can therefore develop therapeutic options that are more 

effective than those currently available.   
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