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Abstract 

 The opioid epidemic continues to worsen across the United States. As more individuals 

continue to fall victim to substance use disorders, it is becoming even more paramount that we 

identify possible therapies to help those struggling towards rehabilitation. This study aimed to 

determine whether utilizing both contextual and discrete cues through classical conditioning 

could be a viable method to reduce withdrawal symptoms both during and after rehabilitation. 

Twice daily 10 mg/kg subcutaneous morphine administration were given to male Sprague-

Dawley rats until behavioral tolerance thresholds were met as measured by responding for water 

in operant chambers. Withdrawal symptoms were measured based on changes in completed lever 

response sets, grooming behaviors, defecation amount, and weight — compared to baseline 

measures prior to drug exposure. Three groups were maintained for this study: a no-cue control 

which received no exposure to the conditioned stimuli (CS) during withdrawal, a context-cue-

only experimental group which was only exposed to the contextual CS of the injection room, and 

an all-cue experimental group which was exposed to both the contextual CS and received a 

saline injection functioning as the discrete CS. Statistical analysis indicated a significant 

difference in grooming behaviors between the three cue groups (p < 0.001), across the five days 

of withdrawal (p = 0.008), as well as an interaction between them (p = 0.014). Significant 

differences were also found across the days of the withdrawal phase in completed response sets, 

defecation, and weight; with weight also having a significant difference between the three cue 

groups. These three measures, by the end of the 5 days, returned close to their baseline values. 

These changes across the days indicated a reduction of withdrawal across the five days, 

suggesting a longer tolerance phase was necessary. These results indicate separate levels of 

success in conditioning procedures reducing symptoms between the forms of withdrawal being 

measured. Such conclusions call for more withdrawal symptoms to be explored in future studies.  
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Introduction 
Opioid Prescriptions and Risks 

 Overprescription of opioids in the United States has become a growing issue in recent 

years, and the overall effect has become widespread. In comparison to global healthcare systems, 

the US prescribes more than 50 times the amount of opioids than the rest of the world combined 

(Tick et al., 2018). Much of this high level of prescription came about through drastic shifts in 

care to address patient’s pain. Prior to the 1990s, most doctors did not address acute pain 

symptoms in hospitals. With a shift occurring due to push back from the American Pain Society 

arguing that pain should be treated as another vital sign, a new way to assess patient pain and 

how to address it accordingly was generated (Max et al, 1995). A secondary reason for the 

overprescription of opioids in the US paradoxically comes about from limitations of opioid 

prescription policies. Due to its schedule II level, patients must present a handwritten 

prescription from their physician. Because of this, most physicians will prescribe opioids in 

excess (even when they may not be required at all) to prevent the patient from having to return to 

the physician’s office/hospital in order to obtain a refill (Theinsen et al., 2018).  

A major concern from this excessive prescription is that even a single prescription of 

opioids has been shown to lead to chronic use of opioids (Alam et al., 2012; Brummett et al., 

2017; Clarke et al., 2014; Goesling et al., 2016). One study indicated that of first-time opioid 

users, 8.2% continued daily use of their prescribed opioids 6 months after their total knee 

replacement surgery (Goesling et al., 2016). A second study observed that from a group of 

391,139 first time opioid user patients following short-stay surgery, 7.7% of those patients 

maintained their prescription 1 year following the surgery (Alam et al., 2012). The results from 

these two studies indicate just how hazardous the overprescription of opioids following any form 

of surgery could be to the development of a dependence on the drug.   
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The fallout from this overprescription is what has resulted in the opioid epidemic that we 

see in the United States today. Recent studies have indicated that approximately 6% of the 

United States population between the ages of 15-64 have abused opioids, with that number likely 

being even higher due to social desirability bias. When comparing this to the rest of the world’s 

population reporting less than 1% of people in that age range having abused opioids (Theinsen et 

al., 2018), the magnitude of this epidemic becomes quite apparent. Furthering this concern, in the 

United States, opioids have led to a greater number of overdoses than any other drug since 2017, 

with those numbers only continuing to rise above the other drugs of abuse (Ahmad et al., 2022).  

The overprescription of opioids is certainly a key factor in the development of the 

epidemic. A study in 2013 found that of more than 3 million patients, 25% showed at least one 

sign of potential misuse by the end of their 47-day supply and at least 5% of those showed at 

least two (Liu et al., 2013). Furthermore, another study found that 80% of nonmedical opioid use 

in high schoolers (which made up 12.9% of the participants) had obtained their opioids from 

previous prescriptions (McCabe et al., 2012). The results from these studies emphasize the 

impact that the overprescription problem has on the opioid epidemic. It should be noted, 

however, that this is not the only factor. A full meta-analysis found further impact from 

demographic data such as gender, education, culture, and even religion (Stoicea et al., 2019). The 

evidence for a multifactorial issue only strengthens the complexity of opioid use disorders and 

the present epidemic, a pattern that is further seen in the variety of treatment techniques.  

For immediate treatment of an individual who has overdosed, naloxone (an opioid 

receptor antagonist) can be applied which will counter the effects of the opioid. Naloxone can 

increase an individual's respiratory rate, even if the overdosed person has stopped breathing 

entirely in some cases (CDC, 2022). However, opioid antagonists are not only utilized in 
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emergencies to reverse an overdose. Naltrexone (another majorly opioid antagonist) is used as a 

pharmacotherapy generally taken orally. Naltrexone has been found to be successful when taken 

as prescribed, however, it depends on the patient to commit to their treatment plan – among other 

factors. This issue is emphasized by studies that have indicated a lack of success when it comes 

to the implementation of Naltrexone. It was found that when compared to benzodiazepines, 

buprenorphine, or even a placebo, there was no significant difference in the abstinence from the 

drug of abuse between participants during and following treatment (Minozzi et al., 2011). 

Methadone – a far less potent opioid that acts on the same receptors as morphine and other 

analgesic opioids – is another pharmacotherapy option that exists for those seeking reprieve from 

their opioid use disorder. Generally, this drug is utilized as an outpatient treatment option 

(though the longer the patient stays in the treatment facility, the more successful the treatment 

tends to be) in an attempt to provide an alternative to the normal opioid of abuse when living 

their day-to-day lives. Most studies indicate that a higher dose of methadone results in decreased 

use of the abused drug, with very few reporting successes with low doses (Ward et al., 1994). 

The requirement for a higher dose of methadone in order to reduce use of the abused drug is 

obviously a paradoxical issue, one that could be seen as quite problematic for a long-term 

treatment option. 

In addition to the pharmacotherapies available, there are also several group therapy 

options, as well as cognitive therapies. Both can be applied in addition to the pharmacotherapies 

mentioned previously (NIDA, 2020). Though notably, many of these therapies do not fully help 

those struggling in the long term – with a relapse rate of 40-60% for substance use disorders such 

as opioids and alcohol (NIDA, 2023). One potential reason for this is that often the cues 

associated with the substance use disorder are not focused on during treatment. A problem that is 
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emphasized by the fact that many times, even after years of sobriety, being exposed to the same 

environment in which drug use was commonplace will result in a relapse of drug use (O’Brien et 

al., 1992). These issues require further investigation into new therapies or methodologies to help 

those struggling through opioid use disorders. But in order to discover these new therapies, we 

must first understand how opioids affect the body to begin with, which will be explored in the 

next section. 

Morphine Pharmacology 

When considering why opioids are prescribed for pain, as well as understanding their 

propensity to lead to substance abuse disorders, one must examine the mechanisms behind how 

these drugs act on the body. An opioid's overall physiological effects depend on what receptor it 

has the greatest affinity for binding to. There are three main opioid receptors: MOR (μ), KOR 

(κ), and DOR (δ), each with their own main physiological effects, among other side effects. μ 

receptors when activated tend to result in feelings of euphoria mainly through dopaminergic 

activity, κ results in feelings of dysphoria through gamma-aminobutyric acid (GABA)ergic 

activity, and δ leads to a mix of these two responses (Dhaliwal & Gupta, 2021). Opioids used to 

treat pain related symptoms generally have greater affinity for μ receptors due to the euphoric 

effects as described previously, however, they also tend to carry high levels of abuse liability 

(Negus & Freeman, 2018). For this reason, this section will mainly discuss the functionality of μ 

opioid receptors and what leads to their activation and aftereffects of that activation. 

The μ opioid receptors are G-protein coupled receptors (GPCRs), meaning that when a 

ligand – such as an endorphin, or morphine – binds to it, the G-protein is activated leading to a 

biochemical cascade. The ɑ-GTP both inhibits adenylyl cycles which reduces cAMP levels, as 

well as interacts with ion channels to overall reduce the amount of neurotransmitter released 
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(Pathan & Williams, 2012). This biochemical cascade event produces the analgesic effects of 

opioids, as well as other side effects produced from μ receptors and the other types of opioid 

receptors, such as a reduced respiration rate, euphoria, rigid muscles, and constipation just to 

name a few (Rosenblum et al., 2008).  

 Medically, morphine is generally prescribed for its analgesic properties. Unfortunately, 

prolonged use of morphine eventually develops tolerance, diminishing its effectiveness in long-

term patients. In such cases, patients must be given an increased dose to overcome the 

aforementioned tolerance to the drug. This increases the exposure to morphine’s reinforcing 

properties and ultimately puts them at a higher risk of developing withdrawal symptoms when 

morphine use is stopped (Kumar et al., 2001; LeResche et al., 2015). These reinforcing 

properties are in part caused by the relaying circuitry of the Ventral Tegmental Area (VTA) and 

Nucleus Accumbens (NAc).  

 The VTA contains a high concentration of MORs which when activated, modulates DA 

projections from the VTA to the GABAergic medium spiny neurons of the NAc. This increased 

concentration of DA in these regions is preferentially upregulated through the increased 

production of tyrosine hydroxylase (TH) – which is used in the synthesis of DA. Chronic use of 

morphine causes an increased activation rate of these neurons due to long-term potentiation 

(LTP), which when combined with the increased production of DA due to TH, creates something 

of a positive feedback loop (Kim et al., 2016). Generally, this process can occur with any 

reinforcing drug or behavior. However, due to the potency of morphine and other (μ) opioid 

agonists, the process begins to require that level of activation in order to experience the 

reinforcing (euphoric) effects; which reduces the reinforcing properties of other agents. This, in 

essence, describes one aspect of the development of an opioid use disorder.  
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However, before any of this process can begin, the drug must first enter the system. 

Opioids with an affinity for the μ receptors have a variety of methods to do this. Most opioids 

prescribed to hospitalized patients receive the drug via IV – though occasionally subcutaneous or 

other enteral routes are used instead – whereas most out-patient prescriptions are taken orally 

(Kestenbaum et al., 2014). Whatever the route of administration, the overall effect of the drug is 

exceptionally similar, with little difference in the pharmacodynamics of the drug in the system 

(Hasselström & Säwe, 1993). Interestingly, the analgesic effects of morphine are not directly 

related to its concentration in the brain following administration. It has been found in rat models 

that the analgesic effects remain well after the concentration of morphine has been reduced 

through excretion (Dahlström et al., 1978). This is likely due to the biochemical cascade 

described above causing longer lasting effects due to changes in neurochemical concentrations. 

A result of this elongated reaction to the receptor being activated is that the effects of the drug 

can remain even after most of the drug has dissipated from the system.  

The resulting effects from morphine administration include, but are not limited to 

analgesia, constipation, reduce respiratory/cardiovascular rate, and sedation (KuKanich & Wiese, 

2015). Due to tolerance, as an individual continues to use the drug at the same dosage, these 

effects are reduced, generally requiring a greater amount of the drug to be administered in order 

for the desired effects to be felt (Martin et al., 1963). The development of tolerance and much of 

the basis of the present study is based on classical conditioning surrounding drug use, which will 

be explored in the next section. 

Classically Conditioning the Effects of Morphine 

Classical conditioning is the process in which two stimuli are repeatedly temporally 

paired. The exposure of one of these stimuli – the unconditioned stimulus (UCS) – naturally 
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results in an unconditioned response (UCR). Through repetitive pairings the second, neutral 

stimulus (NS) will elicit a similar response to the UCS, at which point the NS is considered a 

conditioned stimulus (CS). This process was accidentally discovered by the Russian 

physiologist, Ivan Pavlov, while studying canine digestion physiology. In his study, Pavlov was 

measuring salivation levels as a dog digested food. However, an unexpected outcome resulted 

from a bell that would ring as an experimenter entered the room to give the dog its food. As time 

went on, the dog would begin salivating when the bell sounded, whether the experimenter had 

food with them or not. In this situation, the bell had become a CS with the salivation becoming a 

conditioned response (CR) resulting from the bell ringing (Pavlov, 1906). Classical conditioning 

is considered the basis of associative learning in organisms, however, as time has gone on further 

studies have indicated similar implications within the realm of drug effects.  

In 1975, Ader & Cohen were conducting a study on taste aversion through conditioning 

procedures between saccharine flavored water and cyclophosphamide. Cyclophosphamide is a 

drug which causes nausea in its users, which was its main effect property being studied at the 

time. However, cyclophosphamide also functions as an immunosuppressant, so while the animal 

subjects were consistently being exposed to both cyclophosphamide and saccharine flavored 

water, the water became a CS for the immunosuppressant effect of the cyclophosphamide. This 

resulted in the rats having a severely decreased immune response. The weakened immune system 

made them exceptionally vulnerable to diseases, resulting in many of the rats dying unexpectedly 

(Ader & Cohen, 1975). The unanticipated results of this study indicate that drug effects (UCR) 

could be classically conditioned to a CS.  

While Ader & Cohen made this discovery with cyclophosphamide, opposite results have 

also occurred from some drug related CSs. There are cases in which a CS, rather than generating 
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a CR, will instead cause a conditioned compensatory response (CCR). This results from shifts in 

the organism’s physiology as a result of exposure to the CS. A pertinent example of this comes 

from substance abuse disorders. Individuals who have maintained a consistent or similar 

environment for drug self-administration can experience withdrawal symptoms and relapse after 

exposure to those environmental stimuli due to CCR (Siegel, 1999). The resulting withdrawal 

symptoms from this CCR are considered drug-opposite effects. These symptoms and the 

resulting relapse occur even after years of abstinence from the drug & not existing in that 

environment (O’Brien et al., 1992). One resulting effect of the CCR can be observed when 

someone with an opioid use disorder takes something close to their normal dose in an unfamiliar 

environment. In this case, the CCR does not occur due to a lack of environmental CS, and so the 

body was not prepared for that significant of a drug intake. In some cases, this phenomenon can 

result in the individual overdosing (Siegel & Ellsworth, 1986).  

Notably, these CCRs are a result of environmental (or contextual) cues. An interesting 

phenomenon has been observed in some studies indicate that when a conditioned discrete 

stimulus is applied to an individual that has been exposed to those environmental stimuli, they 

can experience what is considered a drug-like effect instead. Case studies of individuals who 

have experience this are considered by some to be “needle junkies” as injecting themselves with 

an inert or less potent substance in the same fashion they would the normal drug of abuse in the 

same environment, leads to similar physiological/psychological effects to if they had taken the 

drug itself (O’Brien et al., 1992).  

One particular study that aimed to investigate the effect of these contextual and discrete 

stimuli was conducted in 1983 through a series of experiments, in which rats developed a 

conditioned morphine tolerance via subcutaneous injections, one group within a distinctive 
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injection environment and a second group in a non-distinct environment. Tolerance was based on 

responsiveness to a shock test; a test that uses a jump/flinch apparatus attached to a shock grid 

floor to measure the level of response following exposure to a shock. As the subjects became 

more tolerant to the drug, they would also become more reactive to the shock test. The initial 

finding emphasized contextual mediated tolerance – a proposed concept in which tolerance to a 

drug is dependent on the environment in which it is used (Siegel, 1975). This particular study 

found that those rats who only were given injections in the distinctive environment developed 

tolerance faster than the non-distinct group. Furthermore, when all groups were injected within 

the distinctive environment, the groups who were consistently injected within that environment 

showed a greater level of response to the shock test than those who had only just experienced the 

distinctive environment. This indicated that the contextual environment helped mediate the 

development and maintenance of tolerance (Tiffany et al., 1983). 

A second experiment within this study explored the effect of discrete stimuli within the 

basis of classically conditioning morphine effects. For this, similar parameters for the initial 

study were used; in which rats were injected within either a distinct environment or indistinct 

until tolerance had been reached, then morphine injections were replaced with injections of 

saline. Following these injections, the same shock test was investigated and surprisingly, there 

were no significant differences observed between any of the groups on responsiveness to the 

shock test. This would indicate that discrete stimuli (saline injection) do not successfully 

generate a conditioned response similar to that of morphine as the drug-like effect of morphine 

was not replicated through exposure to the CS (Tiffany et al., 1983).  

One issue with the conclusion drawn by Tiffany’s study is that it focused solely on the 

analgesic effects of morphine and observed them via shock tests. However, as emphasized by 
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Ader & Cohen’s study, drugs have a plethora of possible effects with a wide response profile. 

For that reason, investigating only one of the possible effects of a drug is a substantial 

shortcoming of the study, and further investigation should be conducted to investigate the greater 

response profile of morphine and whether it can be replicated through Pavlovian conditioning. 

The Present Study 

The present study sought to address the shortcomings resulting from Tiffany’s study, and 

further investigate the level to which morphine’s response profile can be classically conditioned 

in rats. Further, this study investigated the amount to which withdrawal symptoms are observed 

through the same classical conditioning interventions.  

Utilizing operant conditioning techniques, rats were trained on a lever pressing task as a 

way to observe tolerance development and subsequent withdrawal symptoms. Making use of 

behavioral tolerance theory – in which the disruption caused by drug use is diminished after 

repeated exposure to a substance (Krasnegor, 1978; Cappell & LeBlanc, 1981) – this study seeks 

to observe shifts in response rates based on level of exposure to various conditioned stimuli (both 

contextual and discrete). The purpose of this was to observe the more diverse response profile of 

morphine, rather than investigate a singular physiological effect such as its analgesic properties. 

This technique makes it possible to not only actively observe the onset of tolerance, but also 

investigate shifts in behavioral measures during withdrawal as well.  

While investigating shifts in behavioral measures, other forms of physiological 

withdrawal were also observed during this study. The three forms of withdrawal being observed 

included grooming behaviors, defecation, and changes in body weight. Prior studies have 

indicated that grooming behaviors take a sharp increase following naloxone induced withdrawal 

in rat populations. Along with this, due to morphine’s constipating effect, during withdrawal, 
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there is a greater tendency to observe defecation and urination (KuKanich et al., 2015). The final 

symptom of withdrawal will be passively observed during the already required daily weight 

collection. Studies have indicated that at the onset of withdrawal, there is an initial phase of a 

sharp decline in body mass, followed by a quick increase; even above the original mass (Mishra 

et al., 2017). 

A multitude of studies observing the development of tolerance and withdrawal of 

morphine in rats indicated the use of 10 mg/kg of morphine twice per day for at least 10 days via 

subcutaneous injections was effective at developing a tolerance to the drug in rats. Additionally, 

in order to induce a state of withdrawal, an intraperitoneal injection of 2 mg/kg of naloxone was 

used in previous studies (Craft et al., 1999; Maguire et al., 2016; Mishra et al., 2017). Such 

parameters remaining consistent throughout other studies provide a clear starting point for 

developing an onset of morphine tolerance and initiating withdrawal symptoms. Despite other 

studies observing withdrawal utilizing naloxone as mentioned previously, this study only 

observed the natural onset of withdrawal rather than a drug induced condition. Not only will this 

allow for a more applicable methodology to be utilized in potential future clinical trials, it also 

ensures that discrete cues only center around morphine injections and no other.  

It should also be noted, that the majority of previous studies focus solely on male rats. It 

is likely that based on the fact that female rats experience less of an effect from morphine than 

male rats, that such dosages may need to be different for female rats in order to develop a 

tolerance or dependence (Loyd et al., 2008; Shansky & Murphy, 2021). For this reason, this 

study will only utilize male rats. Future research should investigate whether this is replicable in 

female rats.  
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The goal of this study was to determine whether the development and maintenance of 

conditioned stimuli from the environment during consistent subcutaneous morphine 

administration could successfully reduce behavioral withdrawal symptoms experienced by male 

Sprague-Dawley rats when performing a learned motivated behavior after such morphine 

injections are transitioned into saline injections. Based on past information collected from both 

pre-clinical and clinical trials, it is anticipated that environmental cues (auditory, olfactory, and 

visual) provided with a substitute injection (saline) can replicate the response profile of morphine 

and therefore reduce the behavioral withdrawal symptoms in the rats. Furthermore, previous 

research indicates that the rats that receive conditioned stimuli with no contingent saline 

injections following their presentation will experience drug opposite effects (CCR), resulting in 

worsened withdrawal symptoms. 

Based on previous studies, it was anticipated that during the withdrawal phase of the 

study, the rats exposed to both environmental and discrete cues would score most similarly in all 

categories of measure – completed response sets, grooming behavior, weight, and defecation – to 

their baseline data. Whereas rats exposed only to environmental cues would perform extremely 

differently in all categories of measure, with completed response sets, grooming behavior, and 

defecation predicted to be much higher during the withdrawal phase, and weight reduced. The 

rats exposed to no purposeful CS were predicted to perform somewhere between those two 

groups in all measures.  
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Methods 

Subjects 

Twelve Sprague-Dawley male rats approximately 10 weeks in age, housed in hanging 

wire cages in groups of 4, were used in this study.  Each cage contained two food troughs and 

one water bottle. Rats were put on a 12-hour water deprivation prior to each operant session in 

order to introduce a motivating operation (MO). Rats were weighed each day prior to their 

nighttime dose of morphine (their morning dose used the previous night's mass). The colony 

room was maintained on a 8.5:14.5-hour dark/light schedule (Lights on 7:30 AM-11:00 PM). 

Rats were put in operant boxes at 8 PM. There were three groups in this study: The No-Cue-

Control Group (n = 4), the All-Cue-Experimental Group (n = 4), and the Context-Cue-Only-

Experimental Group (n = 4). 

Materials 

Based on prior methods utilized in developing a morphine tolerance in male rats: twice 

daily (8 AM & 8 PM) subcutaneous morphine injections (10 mg/kg) (Mishra et al., 2017) were 

given to each rat during the tolerance phase. Saline was given in a volume of 1 ml/kg of body 

weight via subcutaneous injection into the same injection site. Experimenter-administered 

morphine and saline were injected via a 1cc syringe with a 25-gauge needle with a 10 mg/ml 

solution. White noise was presented during each morphine injection for the entirety of the time 

the injections took, along with an additional ten minutes. The white noise used was played from 

a phone via the YouTube app, the video was called: “White Noise Black Screen | Sleep, Study, 

Focus | 10 Hours”. The video was played at around 58 decibels. Transportation cages to the 

experimental room were plastic tubs with wood chip bedding and a wire lid. 
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Apparatus 

A standard Lafayette Instruments co. operant conditioning chamber (model #80001) served as 

the apparatus. The chamber was equipped with two levers and two stimulus lights. Scheduling of 

all experimental events and data collection of lever responses was accomplished through a 

Lafayette operant conditioning console (model #81335). Due to malfunctioning within some of 

the boxes, the left lever was used as the response lever for every trial.  

Design 

The independent variables of this study centered around different types of exposure to 

conditioned stimuli during the period of withdrawal from morphine. All groups received 

morphine injections while being exposed to contextual cues (white-noise, bright room, same 

experimenter), as well as discrete cues (injection). Following the development of behavioral 

tolerance to morphine (as described below), all rats were taken off the drug. At which point, the 

No-Cue-Control Group was not exposed to any purposefully conditioned stimuli prior to being 

placed in the operant chamber. The All-Cue-Experimental Group was exposed to both the 

contextual cues, as well as the discrete cue via a saline injection into the same injection site, prior 

to being placed in the operant chamber. The Context-Cue-Only-Experimental Group was 

exposed to the context cues, however, they did not receive a saline injection prior to being placed 

in the operant chamber. 

This experiment measured the number of response sets completed during operant 

sessions under a Variable Ratio 4 (VR4) schedule – that is, the average number of responses it 

takes to receive a reinforcer (water) will be 4. Between-group measures were done to compare 

the deviation of the average number of completed response sets from each experimental group 

during the withdrawal phase of the study in comparison to each rat's baseline. This analysis 



16 
 

observed how the level of behavioral dysregulation of the learned behavior changed based on 

exposure to different levels of CSs as a way to infer a change in withdrawal symptoms. Further 

analysis observed specific withdrawal symptom differences between the groups, namely 

grooming behavior, defecation behavior, and changes in the animal’s mass.  

Procedure  

 

Fig. 1. A basic overview of the experimental timeline. 

 During the training phase of the study, each rat was weighed prior to each operant 

session. Operant sessions during this phase of the study began at 45 minutes in length and then 

shortened to 30 minutes by day 14. During this phase, rats were put on a 12-hour water 

deprivation schedule beginning at 8 AM and ending upon return to home cages after their 

operant session. Rats were auto-shaped in the chambers to press the lever with at least 15g of 

force. Initially, each rat was put on a Fixed Ratio 1 (FR1) schedule – meaning that one press of 

the correct lever resulted in a water droplet being delivered to a collection tray. Following this 

condition, rats were elevated to an FR2 schedule – meaning two presses of the active lever were 

required to receive one drop of water. Following this, rats were moved to an FR3 schedule, and 

so on until each rat was responding to an FR6 schedule. After each rat had time to perform the 

task at the FR6 level, the Baseline phase of the experiment began.  
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 During the baseline phase of the study, rats were placed on a VR4 schedule. Each rat was 

weighed prior to each operant session. Operant sessions lasted for 30 minutes. Responses were 

recorded during this time, as well as the amount of defecation and grooming behaviors to be 

compared later. Grooming behaviors (i.e. self-licking, nibbling fingers, “wet dog” shakes, and 

rubbing face) were recorded for a total of 4 minutes per rat, with 2 minutes with each rat at the 

beginning of the operant session and for 2 minutes at the end, each day the rat that began the 

grooming behavior observations was shifted to account for any shifts in behavior throughout an 

operant session. The defecation amount was recorded at the conclusion of each session via 

counting in the collection trays at the base of each chamber. Baseline measures were concluded 

after 5 days of data collection. 

 Following the baseline phase of the study, the tolerance phase began. During this time, 

each rat remained on a VR4 schedule within the operant chambers and operant sessions lasted 30 

minutes. The same recording of grooming behaviors, responses, and defecation amounts were 

conducted. However, after each rat was weighed, all groups were taken to a separate injection 

room with bright lights and white noise playing for contextual cues. While in this room, each rat 

received a subcutaneous injection of morphine. After the last rat’s morphine injection, the rats 

remained in the room with the light on and white noise playing for 10 minutes. This process was 

repeated both morning (8AM) and night (8PM). Following the PM injection period, rats began 

their operant session. The order of injection changed by group and by rat each day to account of 

any shifts in the metabolism of the drug across the period of injections. This phase of the study 

ended after each rat returned to within 20% of its baseline response rate (10% margin above or 

below baseline); indicating that each rat had become behaviorally tolerant to the morphine 

injections. In the case of this study, this phase lasted a total of 12 days.  
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 Following the tolerance phase of the study, the withdrawal phase began. During this 

period, each group received different levels of cues. The All-Cue-Experimental Group were 

brought into the injection room with the same light and white noise being played, however, they 

were given an injection of saline rather than morphine. Following this injection, the group stayed 

in the injection room for the same 10-minute time period after the last injection. Following this 

time period, the group was again put in the operant chambers under a VR4 schedule for 30 

minutes with the same grooming, defecation, and response recording procedures in place.  The 

Context-Only-Experimental Group were brought into the same injection room with the same 

light and white noise; however, they did not receive any injection. They were exposed to these 

conditions for a 10-minute time period. Following this time period, the group was again put in 

the operant chambers under a VR4 schedule for 30 minutes with the same grooming, defecation, 

and response recording procedures in place. The No-Cue-Control Group was not exposed to the 

injection room or any of its related cues and instead was brought straight to the operant chamber 

room and put in the operant chambers under a VR4 schedule for 30 minutes with the same 

grooming, defecation, and response recording procedures in place. This phase of the study lasted 

for 5 days. 

 At the conclusion of the withdrawal phase, the rats were euthanized, and a statistical 

analysis was conducted based on the data that was collected.  

Statistical Analysis 

Statistical analysis was done through a between-group 3X6 Mixed Factorial ANOVA. 

The first independent variable (IV) had three levels, which consisted of the three levels of 

exposure to CSs during the Withdrawal Phase: No-Cue-Control, Combined-Cue-Experimental, 

and Context-Cue-Only-Experimental. The other IV had five levels, one measure for each day of 
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the Withdrawal Phase. The dependent variable (DV) being observed was the average number of 

completed response sets of each rat from each group during the Baseline Testing Phase, 

subtracted from the average number of completed response sets of each rat from each group for 

each day of the Withdrawal Phase. This form of test was run three more times, with the variation 

in the dependent variable, namely: grooming behavior, weight, and defecation. Each variable had 

its measurements from each day of withdrawal subtracted by the average score from the baseline 

phase. The significance level of these tests were set at α > 0.05 and post hoc tests were 

performed where appropriate. 

Any significant interactions were followed up on using a one-way ANOVA, in which the 

independent variable was again the three levels of exposure to CSs during the Withdrawal Phase: 

No-Cue-Control, Combined-Cue-Experimental, and Context-Cue-Only-Experimental, each day 

of withdrawal being held as a constant. Once again, the significance level of these tests was set at 

α > 0.05 and post hoc tests were performed where appropriate. All statistical analyses were 

conducted in JASP, and graphs were constructed in R.  
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Results 

Observed Behaviors 

Completed Response Sets 

A 3X6 factorial ANOVA – with cue groups as the between-subjects factor and day as the 

within-subject factor – was performed for changes in completed response sets between the 

baseline average and the days of the withdrawal period (Figure 2.A). A significant main effect 

was found across the days of withdrawal [F(5,54) = 6.261; p < 0.001]. No significant difference 

was found between cue groups during the withdrawal phase [F(2,54) = 2.203; p = 0.120]. No 

significant interaction was found between the days of the withdrawal period and the groups 

[F(10,54) = 0.676; p = 0.741]. Post hoc analysis (Table 1) showed significant differences 

between the baseline average and day 3 (p = 0.002), day 1 and day 2 (p = 0.009), and day 1 and 

day 3 (p < 0.001). 
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Figure 2. Error bars in all graphs represent standard error of the mean. A dashed line was added 

at 0 to represent baseline data. (A) Changes in completed response sets (CRS) across the days of 

the withdrawal phase compared to the average completed response sets during baseline. The 

baseline is shown through day 0 of phase day. Averages across the days began around the 

baseline and generally increased. (B) Shows the collapsed data of each cue group across the 

withdrawal phase.     day 1 p < 0.05,     baseline (day 0) p < 0.05 

 

 
 

Table 1. Post hoc analysis of completed response sets across the five days of withdrawal.  
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Grooming Behaviors 

A 3X6 factorial ANOVA – with cue groups as the between-subjects factor and day as the 

within-subject factor – was performed for changes in grooming behaviors between the baseline 

average and the days of the withdrawal period (Figure 3.A). A significant main effect was found 

between the cue groups during the withdrawal phase [F(2,54) = 23.919; p < 0.001]. A significant 

main effect was also found across the days of the withdrawal phase [F(5,54) = 3.489; p = 0.008]. 

A significant interaction was found between the days of the withdrawal period and the groups 

[F(10,54) = 2.527; p = 0.014].  

Post hoc analysis (Table 2) showed significant differences between the baseline average 

and day 3 (p = 0.016), baseline average and day 5 (p = 0.006). Post hoc analysis (Table 3) 

showed significant differences between the all-cue group and the context group (p = 0.006), the 

all-cue group and the control group (p < 0.001), and the context group and the control group (p = 

0.002). 

To explore the interaction between groups and days during the withdrawal phase in 

concern to grooming behavior: each day was held constant, comparing across cue groups. A 

significant main effect was found on day 1 [F(2,9) = 16.259; p = 0.001]. Post hoc analysis of day 

1 showed a significant difference between the all-cue group and the control group (p < 0.001), 

and the context group and the control group (p = 0.009). A significant main effect was found on 

day 2 [F(2,9) = 6.933; p = 0.015]. Post hoc analysis of day 2 showed a significant difference 

between the all-cue group and the control group (p = 0.012). A significant main effect was found 

on day 3 [F(2,9) = 7.822; p = 0.011]. Post hoc analysis of day 3 showed a significant difference 

between the all-cue group and the control group (p = 0.014), and the all-cue group and the 
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context group (p = 0.025). No significant main effect was found on day 4 [F(2,9) = 1.267; p = 

0.327]. No significant main effect was found on day 5 [F(2,9) = 1.905; p = 0.204]. 
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Figure 3. Error bars in all graphs represent standard error of the mean. A dashed line was added 

at 0 to represent baseline data. (A) Changes in grooming behavior (GB) across the days of the 

withdrawal phase compared to the average grooming behavior during baseline. The baseline is 

shown through day 0 of phase day.    Control Group p < 0.05,    Context Cue Group p < 0.05 (B) 

Shows the collapsed data of each cue group across the 5 days of the withdrawal phase.    baseline 

(day 0) p < 0.05 (C) Shows the collapsed data of each day into each cue group. All groups 

showed significant differences from each other (*) p < 0.05. 

 

* 

* 

* 
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Table 2. Post hoc analysis of grooming behaviors across the five days of withdrawal.  

 

 
Table 3. Post hoc analysis of grooming behaviors between the three cue groups.  

 

Physiological Measures 

Weight 

A 3X6 factorial ANOVA – with cue groups as the between-subjects factor and day as the 

within-subject factor – was performed for changes in rats’ weight between the baseline average 

and the days of the withdrawal period (Figure 2.A). A significant main effect was found across 

the days of withdrawal [F(5,54) = 12.430; p < 0.001]. A significant main effect was found 

between cue groups during the withdrawal phase [F(2,54) = 4.110; p = 0.022]. No significant 

interaction was found between the days of the withdrawal period and the groups [F(10,54) = 

0.564; p = 0.836].  
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Post hoc analysis (Table 4) showed significant differences between the baseline average 

and day 1 (p < 0.001), the baseline average and day 2 (p < 0.001), the baseline average and day 3 

(p = 0.028), day 1 and day 4 (p = 0.003), day 1 and day 5 (p < 0.001), day 2 and day 4 (p < 

0.001), day 2 and day 5 (p < 0.001), and day 3 and day 5 (p = 0.002). Post hoc analysis (Table 5) 

showed significant differences between the all-cue group and the control group (p = 0.022). 

 

 

 

* 

* # 
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Figure 4. Error bars in all graphs represent standard error of the mean. A dashed line was added 

at 0 to represent baseline data. (A) Changes in weight across the days of the withdrawal phase 

compared to the average weight during baseline. The baseline is shown through day 0 of phase 

day. (B) Shows the collapsed data of each cue group across the 5 days of the withdrawal phase.       

baseline (day 0) p < 0.05,     day 1 p < 0.05, * day 2 p < 0.05, # day 3 p < 0.05  

(C) Shows the collapsed data of each day into each cue group.     Control group p < 0.05. 

 

 
Table 4. Post hoc analysis of weight across the five days of withdrawal.  
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Table 5. Post hoc analysis of weight between the three cue groups.  

 

Defecation 

A 3X6 factorial ANOVA – with cue groups as the between-subjects factor and day as the 

within-subject factor – was performed for changes in defecation amounts between the baseline 

average and the days of the withdrawal period (Figure 5.A). A significant main effect was found 

across the days of withdrawal [F(5,54) = 3.037; p = 0.017]. No significant difference was found 

between cue groups during the withdrawal phase [F(2,54) = 0.975; p = 0.384]. No significant 

interaction was found between the days of the withdrawal period and the groups [F(10,54) = 

0.786; p = 0.642]. Post hoc analysis (Table 6) showed a significant difference between day 1 and 

day 5 (p = 0.039). 
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Figure 5. Error bars in all graphs represent standard error of the mean. A dashed line was added 

at 0 to represent baseline data. (A) Changes in defecation amount across the days of the 

withdrawal phase compared to the average defecation amount during baseline. The baseline is 

shown through day 0 of phase day. Averages across the days began around the baseline and 

generally increased. (B) Shows the collapsed data of each cue group across the withdrawal 

phase.     day 1 p < 0.05.  

 

 
Table 6. Post hoc analysis of defecation amounts across the five days of withdrawal. 
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Discussion 

 The purpose of this study was aimed to answer the following two questions: can the 

response profile of morphine be replicated in male rats through classical conditioning, and 

subsequently, can morphine withdrawal symptoms be reduced through classical conditioning?  

Results from the present study demonstrated no significant differences in completed response 

sets or defecation measures when comparing exposure to CS. Those rats that were exposed to 

both environmental CS and discrete CS (all-cue) had no significant difference from those rats 

that were exposed to only environmental CS (context), and neither of those groups performed 

significantly different from those rats that were exposed to no purposeful CS (control). These 

results do not support the hypothesis. Though, the all-cue group did record significantly different 

scores from both the context cue and control group in terms of grooming behaviors (context cue 

was also significantly different from the control group). With all-cue being most like the baseline 

measure, the hypothesis was supported in this case. Notably, however, the context group had a 

less substantial increase from baseline than the control group, which is counter to the hypothesis. 

Weight demonstrated significant differences between the all-cue group and the control group, 

with the control group being most similar to baseline, which again is counter to the hypothesis.  

 Other significant differences (discussed below) were found beyond the main hypothesis 

which provided fascinating insight into the progression of morphine withdrawal in male 

Sprague-Dawley rats. These trends also help to suggest potential unforeseen shortcomings of the 

study, which may have led to the inconsistent results discussed above.  
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Observed Behaviors 

Completed Response Sets 

 Based on the completed response sets within the operant chambers on a VR4 schedule, 

there was no significant main effect of cue exposure on performance. However, there was a 

significant main effect of day, in which rats responded significantly greater during days 2 and 3 

of the withdrawal phase than both their baseline averages as well as their day 1 average. The post 

hoc analysis also indicated that there was no significant difference between the average baseline 

data and days 4 and 5, indicating that rats across the groups seemed to return to relatively normal 

response rates by the end of the withdrawal phase.  

During the drug injection period, due to morphine’s property as a depressant: responses 

in the operant chambers were significantly reduced — especially on the first few days of the 

tolerance period where responses remained at zero. So, the increased level of responding – 

particularly on days 2 and 3 of withdrawal, indicates that a drug-opposite effect occurred during 

the withdrawal phase of the study. This suggests that all groups experienced a form of behavioral 

dysregulation (withdrawal). The subsequent return to baseline averages following the spike of 

behavior indicates a subsiding of withdrawal behavior on days 4 and 5. Similar trends were seen 

in the other measures of withdrawal. These results are consistent with the findings from 

Tiffany’s study which found no significant differences between cue exposure and responsiveness 

to shock tests. It should be noted, however, that the other behavioral based test in the present 

study did show an impact on types of cue and resulting withdrawal symptoms.  

Grooming Behaviors 

Overall, rats in the all-cue group experienced fewer withdrawal symptoms based on 

grooming behavior as the all-cue group behaved similarly to their baseline grooming behaviors. 
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Whereas both the context cue and control groups groomed more than their baseline averages, 

which were both significantly different from the all-cue groups. However, in this case, the 

control group groomed significantly more than both the context group and all-cue group, which 

indicates that those rats were experiencing worsened withdrawal symptoms (Pinelli & Trivulzio, 

1997).  

 There were also significant differences across the days of the withdrawal period when 

collapsed between groups. Post hoc analysis indicated that there were significant differences 

between the baseline averages and days 3 and 5, with a fairly regular upward trend across all of 

the days of withdrawal. This would indicate that withdrawal symptoms – in terms of grooming 

behaviors – worsened across the days of the withdrawal period.  

 A significant interaction was also observed between groups and across days. By holding 

each day as a constant, post hoc analysis was conducted, which found significant differences on 

day 1 between all of the groups, day 2 between the all-cue group and control group, and day 3 

between the all-cue group and both the context and control group, but no significant difference 

was found in day 4 nor day 5. This indicates that in the first three days of the withdrawal period, 

there was a separation between the three groups, however, by the end of the withdrawal period 

the groups relatively converged with each other.  

 This convergence by the end of the withdrawal phase could be due to the extinction of the 

CR over time. The speed at which the CR was extinguished should be considered as a potential 

pointer to needing a longer tolerance phase to increase the conditioning effect. This change could 

potentially result in greater differences between groups throughout the withdrawal phase in a 

future study.   
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Physiological Measures 

Weight 

 Weight provided a physiological measure for withdrawal in this study. There were 

significant differences in the averages of the withdrawal phase between the control group and the 

all-cue group. Notably, in this measure, the control group’s weight was the closest to their 

baseline average, whereas the all-cue and context groups were significantly lighter than their 

baseline averages. This was an inconsistent aspect of the results, as the significant weight loss 

indicates withdrawal in rats (Martin et al., 1963). This would suggest that the all-cue group was 

suffering from more withdrawal symptoms than the control group.  

 Weight also had significant differences across the days of withdrawal, with days 1, 2, and 

3 being significantly less than the baseline average, as well as days 1 and 2 being significantly 

less than days 4 and 5, and day 3 was only significantly less than day 5. The overall trend 

suggested that at the start of the withdrawal phase rats were experiencing withdrawal symptoms, 

but as the days of withdrawal passed rats regained weight returning to close to baseline averages 

and therefore experiencing less withdrawal symptoms. This trend is consistent with data found 

from the completed response set data. 

Defecation 

 Defecation provided a second physiological measure to consider during the withdrawal 

phase. While the only significant difference found across the days was between days 1 and 5 of 

the withdrawal phase, the overall pattern provided a very interesting trend. When compared to 

their baseline measures, the defecation amount was much less during the start of withdrawal; 

then across the days, it slowly returned to right around baseline by the final day of the 
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withdrawal phase (notably, the p-value between the baseline measure and day 5 was 1.0, 

suggesting no difference).  

 Defecation being less across most days of withdrawal when compared to baseline is the 

opposite of what was anticipated for any group. Morphine causes constipation when in use, so 

during withdrawal, it is expected that it would cause increased defecation similar to that of a 

diuretic — a drug-opposite effect (Pinelli & Trivulzio, 1997). The hypothesis would have 

predicted then that the all-cue could have had similar rates to the baseline average, where the 

context and control groups would have defecated much more. The fact that all groups defecated 

less is odd. There are two likely reasons for these results: either some aspects of the opioid 

injections were unintentionally consistent with all groups and caused a CR in all groups, or rats 

were not maintained on the opioid injections for long enough, and so a non-withdrawal response 

was observed.  

 However, if we were to consider the overall trend, this measure matches that of the 

completed response set data, as well as the weight data. The first few days were significantly 

different from the baseline data, which was then later returned to in the later portions of the 

withdrawal phase. Once again suggesting that the effect of withdrawal from the drug was 

diminished by the end of the 5 days.  

Conclusion 

 The results from this study produced a variety of implications. Completed response sets, 

weight, and defecation all followed a similar pattern; they began the withdrawal phase 

significantly different from the baseline, and throughout the withdrawal phase steadily returned 

to their relative baseline level. Those three measures allow us to see that within five days of not 

receiving morphine, all rats had a significant reduction in withdrawal symptoms and behaviors. 
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The only measure that did not follow this trend was grooming behavior, which instead showed 

an increase in withdrawal symptoms (indicated by an increased level of grooming) across the 

five days of withdrawal. Previous studies have indicated that some forms of morphine-based 

withdrawal symptoms in mice will increase across the days of withdrawal (Stevens et al., 2021). 

These symptoms are essentially on a delay from other withdrawal symptoms, in which they 

come in later, sometimes even after other symptoms have dissipated. Many of these withdrawal 

symptoms are focused on movement behavior – much like grooming behaviors. With this 

information, in conjunction with the fact that grooming behavior was the only to produce results 

relatively consistent to the hypothesis, perhaps only withdrawal symptoms that have delayed 

intense effects will be assisted by this technique.  

 Grooming behavior was also notable for indicating a significant difference between the 

groups as well. This measure partially supported the overall hypothesis, as the all-cue group 

maintained a relatively consistent value close to baseline; whereas the context and control groups 

had increased grooming behaviors from baseline during the withdrawal phase. However, the 

results suggested that the context group also had less withdrawal symptoms based on grooming 

than the control group, which does not support the hypothesis. The trend of these results was also 

seen in the weight measure, as there were significant differences found between groups, with all-

cue and context being significantly different from the control group. As stated prior, however, 

while the overall order of the trend matches; the control group seemed to experience least 

withdrawal in terms of weight measurement than the other two groups, which is inconsistent 

with the grooming behaviors.  

 Overall, grooming behaviors provided significant evidence that the application of a 

discrete stimulus following contextual stimuli during withdrawal can help to reduce some forms 
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of withdrawal. Though the inconsistencies between grooming behaviors and weight, as well as 

the lack of impact in completed response sets and defecation should certainly be considered 

evidence that not all withdrawal symptoms will be helped through this method; potentially even 

worsened. This study should serve as firm reasoning for the expansion of tolerance and 

withdrawal tests used in the study of opioids, as evidenced by the variety of results between the 

four tests.  

Future Directions 

 Some of these inconsistencies may be due to the small sample size within each group. 

Had this study been conducted with a larger cohort, there could have been more consistent 

results across the different measures and likely more significant differences between groups in 

the other categories that did not show significance between groups. Taking this into account, this 

study should be furthered with greater sample sizes to better investigate the significant 

differences and reduce the overall impact of individual rats. It would also be beneficial to 

lengthen the time in which rats exist within the tolerance phase, perhaps waiting two days after 

the last subject reaches tolerance requirements. This would allow for more time to strengthen 

conditioning surrounding morphine injections and the resulting effects.  

 It should also be considered, as discussed previously, that not all withdrawal symptoms 

will be impacted the same way through cue induction. For that reason, future studies should 

consider expanding the number and types of withdrawal symptoms studied in order to search for 

potential patterns between which are helped through this technique, those that are worsened by it, 

and those that are unaffected. If this approach were to be continued into clinical trials, it should 

be used in conjunction with other current treatments to more broadly target a variety of 

withdrawal symptoms and assist in the return to normal life following rehabilitation. The same 
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technique could also be explored in the use of other drug use disorders, with the same goal of 

identifying which symptoms could be benefitted by the use of such techniques.  

This study could also be adapted into other investigations into the onset of natural 

withdrawal following tolerance development period. These studies could be used to better 

understand changes in behavior and physiology beyond any classical conditioning techniques. 

Such studies would be beneficial to better understand how successful future treatments are in 

pre-clinical trials, prior to them being adapted for human use.  
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