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Abstract 

Anhedonia, a deficit in reward processing, is a characteristic of many neuropsychiatric conditions 

including eating disorders, schizophrenia, substance use disorder and major depressive disorder 

(MDD) (American Psychiatric Association, 2013).  Literature suggests a relationship between 

inflammation and MDD, as individuals with MDD have increased levels of pro-inflammatory 

cytokines (Zunszain et al., 2012).  The relationship between MDD and inflammation has been 

studied, however inflammation and anhedonia has been studied less extensively.  The goal of the 

current study was to investigate the relationship between neuroinflammation, induced by 

lipopolysaccharide (LPS) administration, and anhedonia in rats using the probabilistic reward 

task (PRT).  In this task, rats learn to discriminate between two ambiguous stimuli for a sucrose 

reward.  During testing, one lever is rewarded three times more than the other lever.  Similar to 

humans, rats develop a response bias for the stimuli that is rewarded more frequently regardless 

of the tone that was presented.  Seven days following LPS administration, rats were tested in the 

PRT: both SAL- and LPS-treated animals developed a response bias.  The results did not indicate 

a deficit in reward learning in LPS-treated animals, however this does not mean that a 

relationship between inflammation and anhedonia does not exist.  Systemic LPS administration 

to induce neuroinflammation may not be a successful model when testing for anhedonia.  Future 

studies investigating the relationship between inflammation and anhedonia may need to use other 

models of inflammation in order to examine this relationship.  
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Chapter 1 

Introduction 

1.1 Anhedonia  

Clinically, anhedonia is defined as a loss of interest or pleasure in every day rewarding 

experiences, often seen in individuals as emotional flattening (American Psychiatric Association, 

2013).  Individuals with anhedonia often report an inability to experience positive emotions or 

pleasure (Ho & Sommers, 2014; Kelm, 2017).  Typically, in neurotypical individuals, food, sex, 

or socializing often results in experiencing positive emotions.  However, individuals who suffer 

from anhedonia often show reduced motivation to engage in these rewarding activities.  

Anhedonia is a component of several mental health disorders, including major depressive 

disorder (MDD), several personality disorders, eating disorders, schizophrenia, and substance use 

disorder (American Psychiatric Association, 2013).  Currently, most research focuses on 

anhedonia as a central feature of MDD, as a diagnosis for this disorder requires either depressed 

mood or anhedonia (Gorwood, 2008), however, anhedonia occurs in only ~37% of individuals 

with MDD (Pelizza & Ferrari, 2009).  While anhedonia is most commonly associated with MDD, 

it is also found in several neurodegenerative disorders including Parkinson’s Disease (PD) and 

other psychiatric conditions (Gorwood, 2008, Der-Avakian & Markou, 2011).  

Anhedonia has been viewed as a by-product of mood dysfunction associated with 

psychiatric conditions leaving the neurobiological underpinnings of this disorder poorly 

understood.  As a result, pharmacological treatment for anhedonia is not readily available leaving 

individuals with anhedonia to endure through their symptoms without any relief.  In an analysis 

of a large psychiatric inpatient sample, Winer et al., 2014 found that anhedonia is associated with 

increased suicidality in patients: both a loss of interest and a loss of pleasure were significant 
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predictors of suicidal ideation, while other cognitive symptoms of depression such as 

hopelessness and a loss of energy were not (Winer et al., 2014, Winer et al., 2016).  

1.1.1 Reward Processing and Anhedonia   

Individuals with anhedonia suffer from deficits in reward processing, but more 

specifically two reward-based processing behaviours are commonly disrupted with individuals 

with anhedonia: consummatory and appetitive behaviours (Treadway & Zald, 2011). 

Consummatory behaviours are certain behavioural patterns that occur in response to a specific 

stimulus, which often satisfies an innate drive (e.g., eating to feel satiated), these behaviours 

occur in fixed action patterns (Ball & Balthazart, 2008).  In contrast, appetitive behaviours are 

specific actions that increase the likelihood of satisfying that specific need by bringing the 

organism into contact with the goal object (e.g., searching for food) (Ball & Balthazart, 2008).    

Through associative learning, animals and humans learn that the pleasurable aspect of a 

certain behaviour will gain motivational properties resulting in these behaviours being repeated. 

Dopamine (DA) transmission within the reward circuitry of the brain governs the motivational 

value of a certain behaviour (MacAulay et al., 2014), without DA transmission rewarding 

properties are not enough to motivate goal-directed behaviours (MacAulay et al., 2014).  Thus, 

DA transmission within the reward circuitry of the brain is crucial for any organism to learn the 

rewarding properties of a given stimulus or a certain behaviour.  

1.1.2 Neural Circuits of Anhedonia  

Several brain regions have been implicated in anhedonia, including the ventral  

striatum, orbitofrontal cortex (OFC) and anterior cingulate cortex (ACC).  The ventral striatum 

and the OFC are part of the mesolimbic DA system; these two brain regions are important in 

goal-directed behaviours and the experience of pleasure.  Within the brain, the 
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nucleus accumbens (NAc) and the ventral pallidum regulate the hedonic perception of rewards 

through the endocannabinoid system (ECS) (Der-Avakian & Markou, 2012).  Activation of ECS 

receptors within these brain regions enhances responsiveness to palatable foods such as sucrose 

(Berridge & Kringelbach, 2008; Der-Avakian & Markou, 2012).  The NAc has also been 

implicated in the monitoring of prediction errors for rewards (Gorwood, 2008), where predictions 

of a reward are based on previous learning.  Specifically, DA activity within the NAc has been 

implicated in reward prediction errors made by subjects in the probabilistic reward task (PRT) 

(Hart et al., 2014).  GABAergic output from the NAc through the mediodorsal nucleus of the 

thalamus also regulates responses to reward-related cues (Heshmati & Russo, 2015).  

            The OFC is a region of the brain that is important in value-guided behaviours and is 

critical for experiences associated with reward (Schoenbaum et al., 2011).  This region of the 

brain governs the value of rewards (Peter & Büchel, 2010; Schoenbaum et al., 2011). 

Reinforcement devaluation has often been used to examine the role of the OFC in reward; in this 

task, monkeys are trained to respond to cues, these cues are later devalued by overfeeding or 

being paired with illness.  Following this, monkeys and rats show reduced responding indicating 

devaluation, whereas animals with OFC lesions do not (Izquierdo et al., 2014).  This shows that 

the OFC is critical when the value of a stimulus is used to modify behaviour.  The OFC projects 

to the ACC, a region of the brain that, like the OFC, is important in reward-guided behaviours. 

The ACC is responsible for encoding associations between behaviours and their outcomes 

(Chudasama et al., 2012).  Monkeys with lesions to the medial frontal cortex, including the ACC 

are unable to select a specific food based on the action it was once associated with (Hadland et al. 

2003).  This demonstrates the ACC role in encoding a reward with specific behaviour outcome.  

The specific brain regions that have been implicated in the neural circuitry of anhedonia are 

shown in the following figure:  
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Figure 1. Brain regions proposed to play a role in anhedonia. Abbreviations: ACC, Anterior Cingulate 

Cortex; BNST, Bed Nucleus of the Stria Terminalis; OFC, Orbitofrontal Cortex; NAc, Nucleus 

Accumbens; VTA, Ventral Tegmental Area (Modified: Evan Otto, 2017)  

1.2 Neuroinflammation  

Inflammation is the immune system's response to stimuli that may harm the system (Chen 

et al., 2017).  Inflammatory responses are produced to try and ensure the survival of tissue by 

initiating the body’s natural healing process (Ferrero-Miliani et al., 2007).  Acute 

inflammation has beneficial effects by minimizing the effect that injury or infection may 

cause, but when inflammation becomes chronic, it can be detrimental to both body and brain 

functioning (Chen et al., 2017).  Activation of inflammatory responses within the central nervous 

system (CNS) results in the development of neuroinflammation.  Similar to inflammation, 
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neuroinflammation in an immune defense mechanism that is utilized to protect the brain and 

spinal cord, i.e., the CNS, from injury and infection (Kempuraj et al., 2017).   

            Following injury or infection in the CNS, neuroinflammation is mediated through the 

activation of glial cells, microglia, and astrocytes (Shastri et al., 2013; DiSabato et al., 2016). 

Typically, microglial cells are divided into two categories, M1 and M2 (Colonna & Butovsky, 

2017).  M1 microglia cells are used to produce inflammatory signaling through the production of 

pro-inflammatory cytokines whereas M2 microglia cells are utilized for anti-inflammatory 

actions (Colonna & Butovsky, 2017).  Activated microglial cells are macrophages within the 

CNS, they remove cellular debris and are crucial in initiating inflammatory signals (Henry et al., 

2008; Colonna & Butovsky, 2017).  These inflammatory signals lead to the downstream 

activation and production of pro-inflammatory cytokines, chemokines, reactive oxidative 

species, and the recruitment of various secondary messengers (DiSabato et al., 2016).  Similar 

to microglial cells, astrocytes release pro-inflammatory cytokines when activated (Shastri et al., 

2013; Norden et al., 2016).  During prolonged inflammatory action within the CNS, astrocytes 

typically provide feedback to microglia to regulate responses following immune system 

activation (Min et al., 2006).   

            Following an inflammatory response, cytokines are released by microglial cells and 

astrocytes, these cytokines can have both pro- and anti-inflammatory actions.  Activated 

microglia release pro-inflammatory cytokines, such as interleukin (IL)-1, IL-6, and tumor 

necrosis factor-alpha (TNF-𝛼), which recruit immune cells to the sight of injury leading to 

neuronal dysfunction and/or death (Ramesh et al., 2013).  Activated microglial cells also 

have anti-inflammatory actions leading to the release of anti-inflammatory cytokines, and 

subsequently increasing neuronal and glial survival (Ramesh et al., 2013).  Activation of 
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inflammatory markers within the brain for a prolonged period can result in cognitive dysfunction 

and depressive behaviours including anhedonia (Henry et al., 2008).  

Systemic injection of a lipopolysaccharide (LPS) has been commonly used in research 

to induce neuroinflammation (Poon, et al., 2015).  LPS disrupts the blood-brain barrier (BBB) 

(Banks, et al., 2015) and peripheral immune cell activation allows for the activation of glial cells 

within the CNS, after passing through the BBB.  Activation of immune cells within the CNS 

leads to the development of neuroinflammation (Shastri et al., 2013).  As previously 

mentioned, activation of immune cells within the brain can result in depressive symptoms, 

including anhedonia.   

1.3 Anhedonia and Neuroinflammation  

Research has suggested a link between MDD and inflammation, as individuals who suffer 

from MDD have altered inflammatory responses and increased levels of proinflammatory 

cytokines (Zunszain et al., 2012).  Cytokine levels can alter neurotransmitter metabolism, 

neuroendocrine functioning, and brain activity (Schiepers et al., 2005; Dantzer et al., 2008). 

Activation of proinflammatory cytokines, resulting in inflammation, decreases mood and 

increases anxiety, anhedonia, and other symptoms associated with MDD (Zunszain et al., 

2012).  Cytokines alter the synthesis, release, and reuptake of neurotransmitters within the brain 

(Zunszain et al., 2012), specifically, increased levels of cytokines have been associated with 

decreased release of DA within the basal ganglia (Miller et al., 2016).  Altered DA release within 

the basal ganglia, specifically in the striatum, due to inflammation, resulted in decreased effort-

based motivation and decreased activation within the reward circuitry of the brain (Miller et al., 

2016).  Research has typically looked at the relationship between inflammation and MDD, with 
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anhedonia being the byproduct, although the direct relationship between anhedonia and 

neuroinflammation is yet to be fully understood.  

 The relationship between anhedonia and immunity has been researched less extensively; 

however, the involvement of innate immunity has been studied in MDD, a disorder in which 

anhedonia is one of the central features.  As previously mentioned, MDD has been associated 

with increased levels of inflammatory cytokines and chemokines (Miller et al., 2009).  High 

levels of peripheral immune activation trigger inflammation within the CNS, resulting in 

neuroinflammation and depressive like symptoms, including anhedonia (Medina-Rodriguez et al., 

2018).  More research is needed in order to determine the role of innate immunity in anhedonia.  

1.4 Anhedonia and Neuroinflammation: The Role of Endocannabinoids  

            The ECS may play a crucial role in the relationship between anhedonia and 

neuroinflammation.  ECS signaling is a therapeutic target for the treatment of various immune 

system disorders, because of its anti-inflammatory effects (Barrie & Manolios, 2017). ECS 

processes are mediated by two cannabinoid receptors, the cannabinoid receptor type I (CB1) and 

the cannabinoid receptor type II (CB2) (Lu & Mackie, 2016).  The ECS is composed of lipid 

signaling of various endogenous cannabinoids, two of the primary ligand molecules in this 

system include anandamide (AEA) and 2-arachidonoylgylcerol (2-AG) (Zou & Kumar, 

2018).  CB1 receptors are highly distributed within the CNS, with especially high distribution 

within the cortex, basal ganglia, hippocampus, and cerebellum, and with limited receptors in 

other areas of the body (Lu & Mackie, 2016).  The opposite is true for CB2 receptors, with 

receptors most commonly found within the periphery, specifically in areas and cells associated 

with the body’s immune response (Serra & Fratta, 2007).  Based on the location of these 



 8 

receptors, a higher expression of CB2 receptors within immune tissue highlights its possible 

immunomodulatory role (Cassano et al., 2017).  

Preclinical studies examining the role of endocannabinoids within the reward system have 

looked at the binding of Δ9-tetrahydrocannabinol (Δ9-THC).  THC is a non-selective agonist of 

the cannabinoid system, with binding to both CB1 and CB2 receptors (Beaumont et al., 

2009).  With the debate on whether CB2 receptors are present in the brain, researchers had 

assumed the THC was binding to specifically CB1 receptors, and not binding with CB2 

receptors.  Once CB2 receptors were identified in the brain, however, it became clear that the 

non-selective, THC may have been binding to both types of cannabinoid receptors (Köfalvi, 

2010).  As a result, previous research looking at cannabinoids and its relationship with the 

reward system cannot rely on THC studies to explain its effects.  

The role of the CB1 receptors has been assessed for many illnesses including depression, 

but there is limited research that has examined the role of the CB2 receptors in anhedonia, a 

central feature of MDD and other illnesses.  Martin et al., 2002 utilized a chronic mild stress 

(CMS) paradigm as an animal model of depression.  CMS results in behavioural changes in 

rodents, including anhedonia-like symptoms (Lamontagne et al., 2018).  Following CMS, rats 

had a reduction in preference for sucrose solution, while CB1 receptor knockout (KO) mice had 

an enhanced reduction in sucrose preference compared to their wild type counterpart.  Decreased 

sucrose preference in CB1 KO mice suggests anhedonia (Martin et al., 2002), though the effects 

of CB2 receptor knock out on anhedonia has not yet been examined.  In addition, CB2 receptor 

knockout mice have been used to examine immune response to THC.  These mice showed 

normal behavioural responses to THC but lacked normal immune response following THC 

administration (Buckley et al., 2000).  In CB2 KO mice, THC had no effect on levels of T helper 

cells which are typically involved in recognizing foreign substances and releasing cytokines to 
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fight inflammation (Buckley et al., 2000).  CB2 receptors mechanisms have been extensively 

studied for their anti-inflammatory effects and inflammatory processes (Cassano et al., 2017). 

CB2 receptor activation modulates the release of cytokines, which are commonly released 

following inflammation.  CB2 receptor agonists have been used as treatments for various 

neurodegenerative disorders including Alzheimer’s Disease and PD, resulting in decreased 

microglia activation, decreased TNF-𝛼, IL-1𝛽, IL-1 and chemokine release (Cassano et al., 

2017).  

1.5 Anhedonia Assessments  

In research measuring anhedonia in rodent models, the sucrose preference test is 

predominately used.  In this test, animals are presented with unlimited access to a 2-4% sucrose 

solution before experimental manipulation.  Total sucrose consumption is measured pre-

manipulation to have baseline consumption levels and again following the manipulation.  This 

task is a measure of hedonic processing based on the amount of sucrose consumed.  Increased 

consumption is typical, while a decreased preference for a natural reward (sucrose) reflects 

deficits in motivational behaviour and in turn suggests anhedonia (Rizvi et al., 2017).  Following 

LPS-induced neuroinflammation, the sucrose preference test has been used to evaluate the 

anhedonic response that is associated with neuroinflammation (Biesmans et al., 2013).  LPS 

induced inflammation results in decreased sucrose intake, suggesting that neuroinflammation 

influences anhedonia (Biesmans et al., 2013).  

Despite its appeal for examining anhedonia, the sucrose preference test has limits in its 

abilities to study anhedonia in humans as this test merely assesses hedonic processing rather than 

an impaired ability to process the value of rewards.  When humans with anhedonia are tested 

using the sucrose preference test, they do not show reduced sucrose intake (Matthews et al., 
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1995).  This is because anhedonia is not just the inability to experience pleasure, but is the result 

of blunted responsiveness in the ability to learn the incentive value of a given reward or the 

positive outcomes from certain behaviours.    

1.5.1 Probabilistic Reward Task to Assess Anhedonia in Humans  

Self-report questionnaires are commonly used for examining anhedonia in human 

participants (Thomsen, 2015), but these are limited in their ability to accurately assess the 

unconscious modification of an individual's motivation.  To create a better measure of anhedonia, 

Pizzagalli et al., 2005 created the PRT in humans.  In this task, participants are given a 

choice between two ambiguous stimuli to receive a monetary reward (Pizzagalli et al., 

2005).  Participants are unaware of the reinforcement payoff between the two stimuli.  Healthy 

individuals will unconsciously develop a response bias towards the stimulus that produced a 

higher reward (Pizzagalli et al., 2008; Pizzagalli et al., 2014), while individuals with anhedonia 

fail to do so (Pizzagalli et al., 2008).  Individuals who suffer from anhedonia will not respond 

with a response bias, instead, they respond equally to both stimuli (Pizzagalli et al., 2008).  

1.5.2 Probabilistic Reward Task to Assess Anhedonia in Rats 

The rat-based version of the human PRT was established by Der-Avakian et al., 

2013; similar to the human PRT model, rats learn to discriminate between two specific 

stimuli.  In the rat-based model, rats learn to discriminate between two ambiguous tones and 

learn to make behavioural responses between these two different stimuli.  During testing, a 

specific response is set to produce three times more reward than the other, rats must learn to 

differentiate between the two outcomes.  Healthy rodents will develop a response bias towards 

the behavioural outcome that is more frequently rewarded, regardless of which tone is presented 



 11 

(Der-Avakian et al., 2013).  Disrupting DA processing reduces response bias in the PRT, 

mimicking anhedonia in humans (Lamontagne et al., 2018).   

1.6 Objectives and Hypotheses 

This research will help advance our understanding of the relationship between 

neuroinflammatory processes and anhedonia, a deficit in reward processing.  Currently, the goal 

of this thesis project is to examine the effects of neuroinflammation on anhedonia.  Initially, our 

focus was to determine an accurate model of neuroinflammation in rats, using systemic injections 

of LPS to induce neuroinflammation.  Following this, our focus was to examine the effects of 

LPS-induced neuroinflammation on anhedonia using the PRT.  Using an LPS dosage identified to 

be effective in a Preliminary Experiment, changes in reward responsiveness using the rat based 

PRT were investigated seven days following the induction of neuroinflammation.  We 

hypothesize that LPS-induced neuroinflammation would attenuate the response bias relative to 

the control group.  
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Chapter 2 

Methods 

2.1 Subjects 

                        Male Wistar Rats (N = 74; Charles River Laboratories, St. Constant Quebec) 

weighing approximately 200-250g at arrival were pair-housed on a 12h reverse light/dark cycle 

(21±1 degree Celsius).  Upon arrival, rats were given standard chow and water ad libitum in their 

home cage.  Following acclimation to the facility, rats were food-restricted (provided ~6% body 

weight of food per day) until the end of the study.  Rats were food restricted to this extent to 

ensure that they were motivated to obtain a sucrose reward during behavioural training and 

testing.  Body weight was recorded daily to ensure that rats did not lose more than 10% of their 

initial body weight; rats losing more than 15% of their free-feeding body weight were euthanized.  

Animals were euthanized following rapid weight loss equaling 15% or more of their body weight 

due to malnutrition. However, no animals were euthanized during either experiment due to rapid 

weight loss.  Behavioural testing was conducted during the dark phase when subjects are most 

active.  Principles of laboratory animal care were followed, all procedures were conducted per the 

Canadian Council on Animal Care, and all experiments were approved by Queen’s University 

Animal Care Committee (Protocol (2016-1666)).  

2.2 Apparatus  

Behavioural training and testing were conducted in operant conditioning chambers, which 

utilized the PRT protocol (24x30x29 cm; Med Associates, USA).  The chambers are enclosed by 

two Plexiglass walls and two steel walls that surround a metal grid floor.  One of the steel walls 

contains two retractable levers, a food receptacle situated between the two levers, and 

two stimulus lights.  The second wall contained a house light and a speaker.  All operant 

conditioning chambers were located inside a large wooden enclosure, which ensured darkness 
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and sound insulation.  All responses were recorded electronically using MED-PC IV and MED-

PC V software.  

2.3 Behavioural Procedures  

2.3.1 Tone Discrimination Training  

All rats in this experiment underwent tone discrimination training, which required them to 

complete and pass four stages.  The first stage consisted of a fixed ratio 1 (FR1) reinforcement 

schedule separated into two phases.  Rats learned to press either the left or right lever to receive a 

45mg sucrose pellet (comprised of .5% fat and 94.8% carbohydrates).  Initially, rats learned to 

press the left lever, completing 100 lever presses (100 rewards) within 60 minutes.  They were 

then trained to the same criterion with the right lever.  If the animal did not pass a session, they 

would repeat this procedure the following day until they were successful and could move to the 

opposing lever.  

Stage two required the animals to learn to associate a specific tone with either the left or 

right lever.  During this stage, a 5 kHz, 60dB tone, either 0.5secs or 2secs in duration, was 

randomly presented and its associated lever extended.  Initially, rats needed to press the lever 

within an 8secs period to receive a sucrose reward.  If no response was made, the lever retracted, 

the house light illuminated, and an omission was recorded.  Following an omission response to 

the tone, the trial was repeated until a correct response was made.  When a correct response was 

made, the lever was retracted, and a sucrose reward was dispensed.  Once they mastered this task, 

receiving 100 rewards, within 60mins with 80% accuracy (<20% omissions), this procedure was 

repeated with a limited hold of 5secs, for three consecutive days.  During this period rats had to 

successfully complete 70% of trials (<30% omissions) over the three days.  
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            In stage three, both levers were extended, and rats were trained to discriminate between 

the two tones.  The two tone durations were associated with either the right or left lever 

(counterbalanced within the group).  Rats were only rewarded when the correct lever was 

pressed.  Similar to stage two, an omission or an incorrect response resulted in the illumination of 

the house light.  An omission or an incorrect response resulted in the previous trial being repeated 

until the correct response was achieved.  This stage was repeated with a 5secs hold for five days, 

regardless of accuracy.  

Finally, in the fourth stage, both levers were extended and the two tone durations were 

presented randomly throughout the trials.  During this stage, the house light no 

longer signalled an omission or an incorrect response.  Rats were required to respond with a 

limited hold of 5secs.  Success during this task was assessed as the delivery of 100 rewards 

within 60mins with an accuracy of 70% (<30% omissions/incorrect responses), for five 

consecutive days.  

Following the completion of all four stages, the PRT was completed.  During the PRT test 

session, the difference in tone durations became more ambiguous than during training (i.e., 0.9s 

and 1.6s).  Testing was counterbalanced with short tone = lean stimulus (i.e., the 0.9secs tone 

with the lower probability of reward while the 1.6secs tone was associated with a greater 

probability of reward) or short tone = rich stimulus (i.e., the 0.9secs tone with a 

higher probability of reward and the 1.6secs tone associated with a lower probability 

of reward).  Over the 100 trials, the rich stimulus was reinforced at a rate of 60% for correct 

responses while the lean stimulus was reinforced only 20% for correct responses.      
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2.3.2 Preliminary Experiment: Establish a Rat Model of Lipopolysaccharide (LPS)- Induced 

Neuroinflammation 

Prior to tone discrimination training and testing, all rats were food restricted to monitor 

food intake and ensure responsiveness on all tasks.  Following tone discrimination training, all 

rats were habituated to injection procedures over three days, this ensured that the injection 

would not interfere with performance during testing.  All rats received a total of 2 injections, 

one SAL injection four days before testing, and a second SAL injection 24 hours before testing.  

Following the tone discrimination training, rats were randomly assigned to either the 

experimental (LPS) or control (SAL) conditions.  During habituation, all rats received a single 

SAL injection followed by a second injection 24 hours prior to testing.  Twenty-four 

hours before testing, rats in the experimental condition were injected with LPS, and those in the 

control condition were injected with SAL.  Rats in the experimental condition were injected with 

either 0.25mg/kg LPS (n = 12), 0.5mg/kg LPS (n = 12), or 1mg/kg LPS (n = 13).  Following LPS 

injections, rats were tested 24 hours, 48 hours, and 7 days later on the PRT.  Selection of doses 

was based on review by Catorce and Gevorkian (2016) which explored the various dosing of LPS 

and its respective immunological analysis.  Dosing ranged from .33mg/kg and as high as 

10mg/kg of LPS with various euthanasia time points.  A lowest dose of 0.25mg/kg and a highest 

dose of 1mg/kg was selected based on Catorce and Gevorkian (2016) in order to ensure 

immunological changes and subsequent neuroinflammation while still allowing the rats to 

perform during behavioural testing.  All injections were administered in a total volume of 

0.25mg/kg, 0.5mg/kg, or 1mg/kg.  All test parameters from section 2.3.1 were implemented.  
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2.3.3 Experiment 1: Examining the Effects of Lipopolysaccharide (LPS)- Induced Neuroinflammation 

on Anhedonia 

Similar to the preliminary experiment (2.3.2), all rats were food-restricted and completed 

tone discrimination training.  Following tone discrimination training, all rats underwent injection 

habituation (same procedure as Preliminary Experiment).  

            Experiment group 1 (n = 13) was used to examine the effects of LPS induced 

neuroinflammation on anhedonia.  The same drug administration procedure from 2.3.2 

was utilized with an LPS dose of 0.25mg/kg seven days before testing.  Animals were tested 7 

days post-injection based on research conducted by Fu et al., 2014, which recorded a pro-

inflammatory cytokine profile at various time points following a single dose of LPS.  The results 

of this study showed that plasma cytokine levels peak within the first 24 hours following a single 

LPS injection (Fu et al., 2014).  However, brain mRNA levels became elevated following plasma 

levels, with levels reaching their peak 7 days post injection (Fu et al., 2014).  The control SAL 

control group (n = 12) was used to compare response bias between LPS treated rats and healthy 

controls.  All test parameters from section 2.3.1 were implemented.  

2.4 Data Analysis 

During each training session, the number of omissions, as well as correct and incorrect responses 

were recorded.  In total 100 trials were analyzed, trials 1-25 (block 1), trials 25-50 (block 2), trials 51-75 

(block 3) and trials 76-100 (block 4).  Over each trial response bias, discriminability and accuracy were 

measured.  All contrast analyses conducted between conditions and across blocks were motivated 

by an a priori hypotheses that response bias increases across testing blocks and that response bias 

should differ between SAL- and LPS-treated animals.  
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2.4.1 Response Bias  

A response bias is measured as an increased responding to the rich stimulus and 

calculated as: log d = 0.5*log[([Richcorrect + 0.5]*[Leanincorrect + 0.5]) / ([Richincorrect + 

0.5]*[Leancorrect + 0.5])].  In both the Preliminary Experiment and Experiment 1, Block (1-4) was 

included as the within-subjects factor and treatment (LPS vs. SAL) as the between subject’s 

factor using a mixed model ANOVA.  All significant effects were further explored using Tukey’s 

post hoc analysis.  

2.4.2 Discriminability 

Discriminability was used to determine if the subject was able to differentiate between the 

two different types of stimuli, rich vs. lean stimuli.  In order to calculate a response bias, rats 

must be able to discriminate between the rich and lean stimulus.  Rats that have difficulty 

discriminating between the two stimuli would not exhibit an accurate measure of response bias, 

and subsequently anhedonia can not be tested.  Discriminability was calculated as: log d = 

0.5*log[([Richcorrect + 0.5]*[Leancorrect + 0.5]) / ([Richincorrect + 0.5]*[Leanincorrect + 

0.5])].  Analysis using a mixed model ANOVA (Preliminary Experiment and Experiment 1) were 

identical to those used during the analysis of response bias (2.4.1).  

2.4.3 Accuracy 

Over time in both animals and humans, accuracy (number of correct responses / 

number of correct + incorrect responses) tends to improve over test sessions for the 

rich stimulus and decreases for the lean stimulus.  As accuracy increases, response bias also 

increases due to an increase in responding for the rich stimulus.  An increase in accuracy 

compounded with an increase in response bias.  In both the Preliminary Experiment and 

Experiment 1 (mixed model ANOVA), block (1-4) and stimulus type (rich vs. lean) were used as 
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the within-subjects factor and treatment (LPS vs. SAL) as the between-subjects factor using a 

mixed model ANOVA.  All significant effects were further explored using Tukey’s post hoc 

analysis. 

2.4.4 Sickness Behaviours  

Sickness behaviours following LPS injections were assessed by recording food intake, 

body weight, social behaviours, and grooming.  Food intake was monitored based on food 

restriction protocol where animals were given 6% of their body weight in food each day.  Any 

remaining food was weighed and recorded to determine if food intake decreased following LPS 

injection.  Weight was monitored every 4 hours following injection, any large decreases in 

weight were indicative of sickness behaviours.  Finally, grooming behaviours were qualitatively 

monitored by observing the rats within their home cages, where they were observed for 

individuals changes in coat quality.  

2.4.5 Adrenal Weights  

            Following euthanasia, the adrenal glands were removed, and total weight was recorded as 

adrenal weight ratios.  The adrenal weight ratio was calculated as mg of adrenal gland weight per 

1g body weight.  In the Preliminary experiment adrenal weight ratio (mg/g) was analyzed using 

a one-way ANOVA, adrenal weight ratio was the within-subjects factor and treatment (LPS vs. 

SAL) was the between-subjects’ factor.  All significant effects were further explored using 

Dunnett’s post hoc analysis.  In Experiment 1 adrenal weight sum was analyzed using a welch t-

test to determine if the mean adrenal weight of the experimental condition differed from the 

control group. 
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2.4.6 Thymus Weights  

Following euthanasia, the thymus gland was removed, and weight was recorded.  The 

thymus gland weight was calculated as mg of thymus gland weight per 1g body weight.  In the 

Preliminary Experiment and Experiment 1 the analysis was identical to those used 

during the analysis of adrenal weights (2.4.5).  
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Chapter 3 

Results 

3.1 Preliminary Experiment: Establish a Rat Model of Lipopolysaccharide (LPS)- Induced 

Neuroinflammation 

3.1.1 Post-mortem Measures of Inflammation  

Adrenal Weights 

Post-mortem analysis revealed a main effect of treatment, F(3, 45) = 6.289, p = 0.001, 

suggesting that adrenal gland sum ratio differed between groups.  As shown in Figure 2, the 

0.25mg/kg LPS condition adrenal gland sum ratio was significantly less than the 0.5mg/kg LPS 

condition (post-hoc, p = .037) and the 1mg/kg LPS condition (post-hoc, p < .001).  

 

Figure 2. Adrenal Gland Sum Ratio (mg/g) following SAL- and various LPS- treatments.  Bars 

represent mean (± SEM) adrenal weight per body weight. The .25mg/kg LPS condition had a 

significantly smaller adrenal sum ratio than the 0.5mg/kg and 1mg/kg LPS condition.  (*) denotes 

statistical significance, p < .05, (**) denotes statistical significance, p < .01.  Error bars represent 

standard error of the mean.  

Thymus Weights  

Post-mortem analysis showed no differences in thymus ratio between SAL- and LPS-

treated animals, F(3, 45) = .421, p = 0.739 (Figure 3).   



 21 

 

Figure 3. Thymus Gland ratio following SAL- and various LPS- treatments.  Bars represent mean 

(± SEM) thymus weight per body weight.  There were no significant differences in thymus gland 

weight between conditions. 

3.1.2 Behavioural Measures: PRT  

Omissions  

Injection with various increasing doses of LPS created a dose response curve, meaning as 

dose increased the number of omissions also increased.  Omission levels remained high 24 hours 

(Figure 4A) and 48 hours (Figure 4B) following injection, however omission levels began to 

decrease at the 7 day post-test (Figure 4C).  Omission levels were highest with the middle 

(0.5mg/kg) and highest ((1mg/kg) dose of LPS.  Due to such high omissions with the middle and 

highest dose of LPS, the lowest dose of LPS (0.25mg/kg) was utilized during Experiment 1.  
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Figure 4. Omission rates following SAL- and various LPS- treatment at 24 hours (A), 48 hours 

(B) and 7 days (C) post-treatment.  Bars represent mean (± SEM) response bias following 

administration of saline (0.25mg/kg, i.p; n = 9) or LPS (0.25mg/kg, i.p; n = 7; 0.5mg/kg, i.p; n = 

6; 1mg/kg, i.p, n = 7).  A.  At 24 hours, omission rates were high for all LPS conditions.  B. At 48 

hours, omission rates were highest for the 0.5mg/kg and 1mg/kg LPS dose conditions.  C.  At 7 

days, omission rates decreased from initial high levels for all LPS conditions.  

Response Bias  

Repeated measures ANOVA on data from the 24 hour post-LPS test showed no main 

effect of condition, F(1, 15) = .013, p = .910 and no block by condition interaction, F(3, 45) = 

.593, p = .623; however, it did reveal a significant main effect of block, F(2.628 , 39.42) = 3.131, 

p = .042, suggesting that response bias changed across testing in all groups.  Tukey’s post-hoc 

analysis revealed significant differences in response bias between blocks within the SAL 

condition, specifically significantly higher values in block 2 than block 1 (p = .006) (see Figure 

5A).  Response bias did not change across blocks in LPS-treated rats. 
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Similarly, in the 48 hour post-LPS test, there was no main effect of condition, F(1, 15) = 

.338, p = .570 and no block by condition interaction, F(3, 45) = .267, p = .849; but the main 

effect of block was significant, F(2.560 , 38.41) = 5.612, p = .004.  As shown in Figure 5B, 

response bias for LPS-treated animals in block 2 (post-hoc, p = .038) and block 4 (post-hoc, p = 

.036) was significantly higher than block 1.  Response bias did not change across blocks in SAL-

treated rats.  

The same pattern emerged in the 7 days post-LPS test, with no main effect of condition, 

F(3, 26) = .195, p = .899, no block by condition interaction, F(9, 78) = 1.773, p = .0.87, but a 

significant main effect of block, F(2.335 , 60.72) = 8.392, p < .001.  As shown in Figure 5C, 

there were no significant differences in response bias across testing blocks for either LPS- or 

SAL-treated rats (post-hoc tests, ps < .05). 
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Figure 5. Response bias following SAL- and various LPS- treatment at 24 hours (A), 48 hours 

(B) and 7 days (C) post-treatment.  Bars represent mean (± SEM) response bias following 

administration of saline (0.25mg/kg, i.p; n = 9) or LPS (0.25mg/kg, i.p; n = 7; 0.5mg/kg, i.p; n = 

6; 1mg/kg, i.p, n = 7).  A.  At 24 hours, response bias significantly increased from blocks 1 to 2 

for SAL-treated animals.  B. At 48 hours, response bias for 0.25mg/kg LPS-treated animals 

significantly increased from blocks 1 to 2 and blocks 1 to 4. C.  At 7 days, there were no group 

differences in response bias over blocks 1 to 4.  Response bias was calculated using the following 

formula: log b = 0.5*log[([RichCorrect + 0.5]*[LeanIncorrect + 0.5]) / ([RichIncorrect + 

0.5]*[LeanCorrect + 0.5])].  (*) denotes statistical significance, p < .05, (**) denotes statistical 

significance, p < .01.  Error bars represent standard error of the mean.  

Discriminability  

Results from the 24 hour post-LPS test showed no main effect of condition, F(1, 15) = 

3.670, p = .075 and no block by condition interaction, F(3, 45) = 2.334, p = .087.  In contrast, the 

main effect of block was significant, F(2.610, 39.14) = 3.200, p = .040, suggesting that 
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discriminability changed across testing blocks.  As shown in Figure 6A, discriminability in block 

1 was significantly higher than block 4 (post-hoc, p = .028) in the LPS-treated animals.  

Discriminability did not change across blocks in SAL-treated animals. 

The 48 hour post-LPS test showed no main effect of condition, F(1, 14) = 1.655, p = .219 

and no main effect of block, F(2.072, 29.00) = 2.798, p = .076; but the block by condition 

interaction was significant, F(3, 42) = 3.074, p = .039.  As shown in Figure 6B, discriminability 

between stimuli did not change across blocks in SAL- and LPS-treated animals (post-hoc tests, ps 

< .05), suggesting that both groups responded similarly when discriminating between the rich and 

lean stimulus.  

The 7 days post-LPS showed no main effect of block, F(2.532, 65.84) = .527, p = .635, or 

condition, F(3, 26) = .991, p = .412 and no block by condition interaction, F(9, 78) = .911, p = 

.520, suggesting that the LPS- and SAL- treated animals responded similarly when discriminating 

between stimuli.  As shown in Figure 6C, discriminability did not change across blocks in LPS- 

or SAL-treated animals.  
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Figure 6. Discriminability following SAL- and various LPS- treatment at 24 hours (A), 48 hours 

(B) and 7 days (C) post-LPS injection.  Bars represent mean (± SEM) discriminability following 

administration of saline (n = 9) or LPS (0.25mg/kg, n = 7; 0.5mg/kg, n = 6; 1mg/kg, n = 7).  A.  

At 24 hours, discriminability for LPS-treated animals significantly decreased from blocks 1 to 4.  

B. At 48 hours, there were no group differences in discriminability over blocks 1 to 4.  C.  At 7 

days, there were no group differences in discriminability over blocks 1 to 4. Discriminability was 

calculated using the following formula: log d = 0.5*log[([RichCorrect + 0.5]*[LeanCorrect + 

0.5]) / ([RichIncorrect + 0.5]*[LeanIncorrect + 0.5])].  (*) denotes statistical significance, p < .05.   

Error bars represent standard error of the mean. 

Accuracy  

 At 24 hours post injection, SAL and LPS-treated animals showed similar accuracy across 

blocks for the rich stimulus while accuracy of LPS-treated animals on the lean stimulus decreased 

over blocks.  Analysis of accuracy data for the rich stimulus showed no main effect of block, 

F(2.387, 35.80) = 2.562, p = .082,  or condition, F(1, 15) = .099, p = .758, and no block by 
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condition interaction, F(3, 45) = 1.604, p = .202, suggesting that accuracy on the rich stimulus 

did not change across testing in all groups.  As shown in Figure 7A, accuracy for the rich 

stimulus did not change across blocks for SAL- and LPS-treated animals.  Unlike accuracy on the 

rich stimulus, results for the lean stimulus showed no main effect of condition, F(1, 15) = 3.291, 

p = .0.90 and no block by condition interaction, F(3, 45) = .793, p = .504; but the main effect of 

block was significant, F(2.643, 39.64) = 4.278, p < .013.  As shown in Figure 7B, within the 

LPS-treated condition, accuracy for the lean stimulus in block 1 was significantly higher than 

accuracy in block 4 (post-hoc, p = 0.032).  Accuracy on the lean stimulus did not change across 

blocks in SAL-treated animals. 

 At 48 hours post injection, LPS-treated animals showed decreased accuracy for the rich 

and lean stimulus over blocks 1 to 4.  Analyses revealed no main effect of block, F(2.259, 33.89) 

= .598, and no block by condition interaction, F(3, 45) = .887, p = .504; the main effect of 

condition was significant, F(1, 15) = 56.07, p < .001, suggesting differences in accuracy over 

blocks between SAL- and LPS-treated animals.  However, the lean stimuli showed no main effect 

of condition, F(1, 15) = 1.399, p = .0.255 or block F(2.449, 36.74) = 1.647, p = .202, but the 

block by condition interaction was significant, F(3, 45) = 3.672, p < .019, suggesting that 

accuracy for the lean stimulus changed over time.  As shown in Figure 7C, conditions were 

significantly different at block 1 (post-hoc, p = .012), block 2 (post-hoc, p < .001), block 3 (post-

hoc, p < .001), and block 4 (post-hoc, p = .013) for the rich stimulus.  As shown in Figure 7D, 

within the SAL-treated condition, accuracy in block 1 was significantly higher than accuracy in 

block 4 (post-hoc, p = .02) for the lean stimulus.  Accuracy for the lean stimulus did not changed 

across blocks for LPS-treated animals.  

 At 7 days post injection, SAL and LPS-treated animals showed increased accuracy for the 

rich stimulus over blocks 1 to 4.  Results showed no main effect of condition, F(3, 26) = 2.944, p 
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= .052 and no block by condition interaction, F(9, 78) = .812, p = .606; but the main effect of 

block was significant, F(2.552, 66.36) = 3.207, p = .036, suggesting that, accuracy changed over 

blocks.  Results for the lean stimulus showed no main effect of condition, F(3, 26) = .831, p = 

.489, and no block by condition interaction, F(9, 78) = 1.638, p = .119; but the main effect of 

block was significant, F(2.542, 66.10) = 3.249, p = .034, suggesting that, similar to the rich 

stimulus, accuracy changed over blocks.  As shown in Figure 7E, accuracy on the rich stimulus 

did increase across blocks for SAL- and LPS-treated animals, though this increase was not 

significant (post-hoc, ps > .05).  As shown in Figure 7F, within the 1mg/kg LPS-treatment 

condition, accuracy in block 1 was significantly higher than accuracy in block 3 (post-hoc, p = 

.01).  Within block 1, the accuracy for the lean stimulus for the 0.25mg/kg LPS condition was 

significantly lower that the 1mg/kg LPS condition (post-hoc, p = .023).  Accuracy on the lean 

stimulus did not change for SAL-treated animals. 
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Figure 7. Accuracy on the rich (left column) and lean (right column) stimuli following SAL- and 

various LPS- treatment at 24 hours (A, B), 48 hours (C, D), and 7 days (E, F) post-LPS injection.  

Bars represent mean (± SEM) accuracy (# correct responses / # correct + # incorrect responses) 

following administration of saline (n = 9) or LPS (0.25mg/kg, n = 7; 0.5mg/kg, n = 6; 1mg/kg, n 

= 7).  A.  At 24 hours post injection, there were no group differences in accuracy on the rich 

stimulus in blocks 1 to 4.  B. Within the LPS condition at 24 hours, the accuracy for the lean 

stimulus significantly decreased between blocks 1 and 4.  C.  At 48 hours post injection SAL- 
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and LPS-treated animals were significantly difference across blocks 1 to 4 for the rich stimulus.  

D.  Accuracy in the lean stimulus at 48 hours significantly decreased from blocks 1 to 4 for the 

SAL condition. E.  At 7 days post injection there were no group differences in accuracy on the 

rich stimulus in blocks 1 to 4. F.  Accuracy for the lean stimulus at 7 days significantly decreased 

from blocks 1 to 4 for the 1mg/kg LPS condition. Within block 1, 0.25mg/kg LPS-treated 

animals had a significantly lower accuracy than the 1mg/kg LPS condition.  (*) denotes statistical 

significance, p < .05.  (**) denotes statistical significance, p < .01. (***) denotes statistical 

significance, p < .001.  Error bars represent standard error of the mean. 

 

A comparison of accuracy on rich and lean stimuli at 24 hours post injection showed no 

main effect of block, F(2.738, 82.14) = 2.149, p = .106, condition, F(1, 30) = 2.730, p = .109, no 

block by condition interaction, F(3, 90) = 1.427, p = .240, no condition by accuracy interaction, 

F(1, 30) = 2.730, p = .109, and no block by condition by accuracy interaction, F(1, 30) = 1.647, p 

= .209, but the main effect of accuracy was significant, F(1, 30) = 50.49, p < .001, and the block 

by accuracy interaction was also significant, F(3, 90) = 5.166, p = .002.  Together this suggests 

that animals respond more frequently to the rich stimulus than the lean. As shown in Figure 8A, 

SAL-treated animals had significantly higher accuracy on the rich stimulus in block 2 than the 

rich stimulus in block 1 (post-hoc, p = .017), and significantly higher accuracy on the rich 

stimulus in block 2 compared to the lean stimulus (post-hoc, p = .009).  LPS-treated rats had 

significantly higher accuracy on the rich stimulus than lean stimulus during block 4 (post-hoc, p 

= .009).  

A comparison of accuracy on rich and lean stimuli at 48 hours post injection showed no 

main effect of block, F(2.526, 75.78) = .484, p = .662, no block by accuracy interaction, F(3, 90) 

= 2.007, p = .119, no block by condition by accuracy interaction, F(3, 90) = 2.007, p = .119; but 

the main effect of condition, F(1, 30) = 31.29, p < .001, accuracy, F(1, 30) = 14.02, p < .001, 

block by condition interaction, F(3, 90) = 3.281, p = .025, and condition by accuracy interaction 
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were significant, F(1, 30) = 14.02, p < .001.  Together this suggests that groups had differences in 

accuracy between the rich and lean stimulus during testing.  As shown in Figure 8B, SAL-treated 

animals had significantly higher accuracy on the rich stimulus in block 3 (post-hoc, p = .014) and 

block 4 (post-hoc, p < .001).  Accuracy for the rich or the lean stimulus did not change for LPS-

treated animals.  

A comparison of accuracy on rich and lean stimuli at 7 days post injection showed no 

main effect of block, F(2.668, 80.05) = .610, p = .592, condition, F(1, 30) = .111, p = .741, no 

block by condition interaction, F(3, 90) = .574, p = .663, no block by accuracy interaction F(3, 

90) = .610, p = .592, no condition by accuracy interaction, F(1,30) = .1.727, p = .199, and no 

block by condition by accuracy interaction, F(3, 90) = 1.277, p = .287; but the main effect of 

accuracy was significant, F(1, 30) = 91.03, p < .001.  Together this suggests that accuracy 

between the rich and the lean stimulus was different during testing.  As shown in Figure 8C, 

block 1, 0.25mg/kg LPS-treated animals had significantly higher accuracy on the rich stimulus 

than the lean stimulus (post-hoc, p = 0.04). In block 2, SAL-treated animals had significantly 

higher accuracy on the rich stimulus compared to the lean (post-hoc, p < .001), 0.25mg/kg LPS 

condition had higher accuracy on the rich stimulus (post-hoc, p = .008), and the 0.5mg/kg LPS 

condition had higher accuracy on the rich stimulus than the lean (p = .034).  In block 3, the SAL-

treated animals had significantly higher accuracy on the rich stimulus (post-hoc, p < .001), 

0.25mg/kg LPS had higher accuracy on the rich stimulus than the lean (post-hoc, p = .021), 

0.5mg/kg LPS condition had higher accuracy on the rich stimulus (post-hoc, p = .015), and the 

1mg/kg LPS condition had higher accuracy on rich over the lean stimulus (post-hoc, p < .001).  

Finally, in block 4, SAL-treated rats performed significantly better on the rich stimulus (post-hoc, 

p = .074), this trend was also found in the 0.25mg/kg LPS condition (post-hoc, p = .034) and the 

1mg/kg LPS condition (post-hoc, p = .049).  
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Figure 8. Accuracy on rich and lean stimuli following SAL- and various LPS- treatment at 24 

hours (A), 48 hours (B), and 7 days (C) post-LPS injection.  Bars represent mean (± SEM) 

accuracy (# correct responses / # correct + # incorrect responses) following administration of 

saline (n = 9), or LPS (0.25mg/kg, n = 7; 0.5mg/kg, n = 6; 1mg/kg, n = 7).  A.  At 24 hours post 

injection, SAL-treated rats had significantly higher accuracy on the rich stimulus in block 2 

compared to block 1.  In block 2, SAL-treated animal had significantly higher accuracy on the 

rich stimulus than the lean. In block 4, LPS-treated animals performed significantly higher in 

accuracy on the rich stimulus compared to the lean stimulus.  B.  At 48 hours post injection, in 

block 3 and 4, the SAL condition had significantly higher accuracy on the rich stimulus.  C.  At 7 

days post injection, in block 2, 3 and 4, the SAL condition had higher accuracy on the rich 

stimulus compared to the lean stimulus.  In blocks 1 to 4, 0.25mg/kg LPS condition had higher 

accuracy on the rich stimulus than the lean stimulus.  In block 2 and 3, the 0.5mg/kg LPS 

condition had higher accuracy on the rich stimulus compared to the lean stimulus.  In blocks 3 

and 4, 1mg/kg LPS treated animals preformed significantly better on the rich than lean stimulus.  

(*) denotes statistical significance, p < .05, (**) denotes statistical significance, p < .01, and (***) 

denotes statistical significance, p < .001.  Error bars represent standard error of the mean.  

A B 

C 

Block 
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3.1.3 Sickness Behaviours  

Following the LPS injection, weight, food intake, grooming, locomotor activity and the 

overall appearance of the animals was observed over the first 24 hours.  SAL-treated animals 

maintained normal behaviour in all categories.  However, the severity of changes within the 

experimental conditions increased with dose.  The greatest changes in behaviour were observed 

in the 1mg/kg LPS condition.  All animals in the experimental conditions experienced decreased 

weight, food intake, grooming and locomotor activity, however, the 0.25mg/kg and 0.5mg/kg 

LPS-treated animals maintained these changes over the first 24 hours and returned to baseline 

activity within 24-48 hours. The 1mg/kg LPS dose resulted in drastic changes in behaviour, these 

changes continued over the first 48 hours following injection.  All animals showed normal 

activity, similar to SAL-treated animals, 48 hours following the LPS injection. 
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 SAL 0.25mg/kg 0.5mg/kg 1mg/kg 

Weight     

Food Intake     

Grooming   

 

 

            

  

Locomotor 

Activity 

                

 

 

Overall 

Appearance 

 

 

    

 

Table 1. Behavioural confirmation of various LPS doses.  Qualitative results, weight, food intake, 

grooming behaviours, locomotor activity and overall appearance following SAL and LPS 

injection.  The symbol, →, shows normal behaviour in the animals.  The severity of the changes 

in the experimental conditions was represented by increasing , mild (), moderate (), and 

severe ().  

3.2 Experiment 1: Effects of Lipopolysaccharide (LPS)- Induced Neuroinflammation on 

Anhedonia 

3.2.1 Response Bias  

As hypothesized, SAL- treated rats developed a response bias over blocks, however LPS-

treated rats also developed a response bias by block 4.  7 days post LPS test revealed that 

response bias increased across testing blocks in both groups (main effect of block, p < .001), but 

there were no differences across groups (p = .809) and no group by block interaction (p = .248).  

As shown in Figure 9, response bias in block 1 was significantly lower than block 2 (post-hoc, p 

= .004), block 3 (post-hoc, p = .042) and block 4 (post-hoc, p = .002) in LPS-treated animals.  
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Figure 9. Response bias following SAL- and LPS- treatment.  Bars represent (± SEM) response 

bias following administration of saline (0.25mg/kg, i.p; n = 10), or LPS (0.25mg/kg, i.p; n = 9).  

Response bias in the SAL- and LPS-treated rats increased between Blocks 1 and 4.  Response 

bias was calculated using the following formula: log b = 0.5*log[([RichCorrect + 

0.5]*[LeanIncorrect + 0.5]) / ([RichIncorrect + 0.5]*[LeanCorrect + 0.5])]. (*) denotes statistical 

significance, p < .05, (**) denotes statistical significance, p < .01.  Error bars represent standard 

error of the mean.  

3.2.2 Discriminability 

Seven days post-LPS showed that discriminability did not change across testing blocks in 

both groups (no main effect of block: p = .160), there were no differences in condition (p = .404) 

and no block by condition interaction (p = .165), suggesting that LPS- and SAL- treated animals 

responded similarly when discriminating between stimuli (Figure 10).  

 

 



 36 

 

Figure 10. Discriminability, a measures of task difficulty, following SAL- and LPS- treatment.  

Bars represent (± SEM) discriminability following administration of saline (n = 10) or LPS (n = 

9).  There were no significant differences in discriminability between or within treatment groups 

in Blocks 1 and 4.  Discriminability was calculated using the following formula: log d = 

0.5*log[([RichCorrect + 0.5]*[LeanCorrect + 0.5]) / ([RichIncorrect + 0.5]*[LeanIncorrect + 

0.5])].  Error bars represent standard error of the mean. 

3.2.3 Accuracy 

 SAL and LPS-treated rats showed similar accuracy across blocks to both stimuli, with 

greater accuracy for the rich stimulus and lower for the lean stimulus over time.  Accuracy for the 

rich stimuli increased across testing blocks (main effect of block: p < .001), but there were no 

group differences for condition (p = .618) and no block by condition interaction (p = .686).  As 

shown in Figure 11A, accuracy in block 1 was significantly lower than accuracy in block 2 for 

both LPS- (post-hoc, p = .042) and SAL-treated animals (post-hoc, p = .047).  However, accuracy 

for the lean stimulus did not change over time (no main effect of block: p = .488), there were no 

group differences for condition (p = .691) and no block by condition interactions (p = .464) 

(Figure 11B).  
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Figure 11. Accuracy on the rich (A) and lean (B) stimuli following SAL- and LPS- treatment. 

Bars represent mean (± SEM) accuracy (# correct responses / # correct + # incorrect responses) 

following administration of saline (n = 10) or LPS (n = 9).  A. There were no group differences in 

accuracy on the rich stimulus in blocks 1 to 4.  In blocks 1 and 2, both SAL- and LPS-treated 

animals had significant higher accuracy for the rich stimulus.  

B. There were no group differences in accuracy on the lean stimulus in Blocks 1 to 4.  (*) denotes 

statistical significance, p < .05.  Error bars represent standard error of the mean. 

 

Accuracy for the rich stimulus was higher than accuracy for the lean stimulus (p < .001) 

but accuracy did not change across blocks (no main effect of block: p = .123), and there was no 

main effect of condition (p = .942) and no block by condition interaction (p = .308).  As shown in 

Figure 12, SAL-treated animals had higher accuracy on the rich stimuli than lean stimuli during 

block 3 (post-hoc, p = .302), while LPS-treated rats had significantly higher accuracy on the rich 

stimulus than lean stimulus during block 3 (post-hoc, p = .033) and block 4 (post-hoc, p = .007).   
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Figure 12. Accuracy on rich and lean stimuli following SAL- and LPS- treatment.  Bars represent 

mean (± SEM) accuracy (# correct responses / # correct + # incorrect responses) following 

administration of saline (n = 10) or LPS (n = 9).  There were no between group differences.  In, 

SAL and LPS-treated animals, accuracy on the rich stimulus was greater than the lean stimulus in 

block 3. In LPS-treated animals, accuracy on the right stimulus was also greater than the lean 

stimulus in block 4.  (*) denotes statistical significance, p < .05, (**) denotes statistical 

significance, p < .01.  Error bars represent standard error of the mean.  

3.2.4 Sickness Behaviours  

Following the LPS injection, weight, food intake, grooming, locomotor activity and the 

overall appearance of the animals was observed over the first 24 hours (Table 2). SAL-treated 

animals maintained normal behaviour in all categories.  Animals injected with 0.25mg/kg of LPS 

exhibited decreased food intake, grooming, and locomotor activity.  Changes in behaviour were 

mild.  Weight, grooming and locomotor activity decreased following injection, but returned to 

baseline levels 24 hours following the injection.  
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 SAL 0.25mg/kg LPS 

Weight   

 

Food Intake   

 

Grooming  

  

 

 

Locomotor Activity   

 

Overall Appearance   

 

 

Table 2. Behavioural confirmation of LPS doses.  Qualitative results, weight, food intake, 

grooming behaviours, locomotor activity and overall appearance following SAL and 0.25mg/kg 

LPS injection.  The symbol, →, shows normal behaviour in the animals.  The severity of the 

changes in the experimental condition was represented by , indicating mild changes in the 

animal’s behaviour.  

3.2.5 Adrenal Weights  

Post-mortem analysis revealed that adrenal gland sum ratio were similar between SAL- 

and LPS-treated animals (ps > .05) (Figure 13). 
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Figure 13. Adrenal Gland Ratio (mg/g) following SAL- and LPS- treatment.  Bars represent 

mean (± SEM) adrenal weight per gram body weight. There were no significant differences in 

adrenal sum ratio.  

3.2.6 Thymus Weights  

Post-mortem analysis revealed that thymus gland ratios were similar between SAL- and 

LPS-treated animals (ps > .05) (Figure 14).  

 

 

Figure 14. Thymus Gland weight following SAL- and LPS- treatment.  Bars represent mean (± 

SEM) thymus weight per body weight.  There were no significant differences in thymus gland 

weight. 
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Chapter 4 

Discussion  

4.1 Summary of Results  

The objective of the Preliminary Experiment was to confirm a dose of LPS that induces 

neuroinflammation while also assessing the corresponding changes in behaviour.  Initially three 

doses of LPS were administered, 0.25mg/kg, 0.5mg/kg and 1 mg/kg, following which, animals 

were tested for anhedonia using the PRT.  As the dose of LPS increased, the number of omissions 

also increased.  An increased number of omissions confounded the ability to measure anhedonia 

in the rats because the measure depends on rates of lever pressing.  As a result, the lowest dose of 

LPS (0.25mg/kg) was used in the next experiment to ensure that drastic changes in behavior did 

not disrupt the ability of animals to respond during the PRT test. 

Contrary to our hypothesis, LPS-treated rats, like their saline control counterparts, 

developed a response bias over the test session in Experiment 1.  A response bias was observed 

when animals developed a preference for the stimulus that was reinforced more often, regardless 

of which stimulus was presented.  In other words, both groups were able to discriminate between 

the higher (rich) and lower (lean) payoff of the reward (Figure 9 and Figure 10).  Although 

preliminary, our findings suggest that the LPS model of neuroinflammation, at least at this dose, 

may not cause deficits in anhedonia.  In addition, an injection of LPS did not result in any drastic 

changes in organ weights, although it did slightly decrease thymus gland weight, which points to 

changes in inflammatory processes within the body.  

4.2 LPS as a Model of Neuroinflammation  

4.2.1 LPS as an Animal Model of Neuroinflammation  

LPS is a bacterial endotoxin that has been widely used as an animal model of 

neuroinflammation as peripheral injection of LPS often results in an inflammatory cascade, 
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making it a potent trigger of inflammation within the CNS (Qin et al., 2007; Catorce & 

Gevorkian, 2016).  LPS has been used in order to induce neuroinflammation but also to produce 

degeneration of cells within the brain.  Following administration of LPS, the brain has been 

shown to induce activation of astrocytes and microglial cells, two types of cells that are crucial 

for inflammatory responses (Erickson et al., 2011; Park et al., 2012).  Activation of microglial 

cells and astrocytes are not the only inflammatory mechanisms that become active following 

administration of LPS; induction of cyclooxygenase (COX)-2, inducible nitric oxide synthase 

(iNOS) and pro-inflammatory cytokine also occurs. COX-2 and iNOS are two pro-inflammatory 

effector enzymes that are upregulated following inflammation leading to neurodegeneration (Aid 

et al., 2008; Choi et al., 2012).  Pharmacological inhibition of iNOS has been shown to be 

neuroprotective in mice, decreasing dysfunction of spatial memory and decreasing depressive 

like behaviours, including anhedonia (Tomaz et al., 2014).  This suggests that inflammatory 

cascades that specifically increase levels of COX-2, iNOS and pro-inflammatory cytokines may 

play a crucial role in the deficits associated with LPS-induced neuroinflammation.  

Peripheral administration of LPS may induce depressive-like symptoms that have often 

been characterized as sickness behaviours.  This behavioural state includes a variety of symptoms 

including, lethargy, decreased locomotor activity, decreased appetite and anhedonia (Biesmans et 

al., 2013).  Typically, in the rodent model of neuroinflammation, these sickness behaviours were 

alleviated 24 hours following administration, leaving depressive-like symptoms that are not 

confounded by sickness (Frenois et al., 2007; Henry et al., 2008).  The relationship between 

sickness behaviours as a result of LPS and anhedonia will be discussed further in section 4.3.  
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4.2.2 LPS Mechanism of Action  

LPS does not act directly on the CNS.  Rather, it exerts its effects via endogenous 

mediators which are released from specific cells that are sensitive to LPS (Galanos & 

Freudenberg, 1993).  Following administration, LPS induced central effects which are mainly 

mediated via the release of pro-inflammatory cytokines from microglial cells (Wang et al., 2015).  

LPS has been used to as a model to study inflammation because its break down creates both 

inactive and active components.  The break down into its active component, lipid A, is 

responsible for its immunological effect (Dickson & Lehmann, 2019).  

Typically, cytokines released within the periphery do not cross the BBB, though signals 

from the periphery are transferred to the brain (Elmquist et al., 1997; Vallieres et al., 1997; 

Lacroix et al., 1998).  However, various animal studies have reported that systemic 

administration of LPS may be able to release pro-inflammatory cytokines within the CNS (Laye 

et al., 1994; Gabellec et al., 1995).  Together this suggests that administration of LPS in animal 

models results in an increased level of pro-inflammatory cytokines, specifically TNF-𝛼 and IL-

1𝛽 (Skelly et al., 2013).  In the future, plasma cytokine concentrations should be analyzed in 

order to better confirm immune system activation following LPS.  

The adrenal gland serves a variety of purposes, including the regulation of metabolism, 

blood pressure, stress responses and most importantly function of the immune system.  Typically, 

research on adrenal glands focuses on the modulation of glucocorticoids in relation to stress by 

means of the hypothalamic-pituitary-adrenal (HPA) axis.  However, the adrenal glands are also 

involved in the regulation of cytokine production (Bunn et al., 2012).  In relation to endotoxin 

administration, LPS acts on the adrenal glands through binding to both toll-like receptors (TLR) 

and CD14 (Deak, 2008).  However, LPS also acts on the dendritic cells of the adrenal glands, 

which serve as vehicles to carry LPS from the adrenal glands to the bodies lymph nodes so they 
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can carry out the changes within the immune system (Deak, 2008).  LPS also acts directly on 

adrenal glands through the activation of TLR-4 in order to stimulate the release of pro-

inflammatory cytokines, specifically IL-1 and subsequently COX-1 and COX-2 (Deak, 2008).  

Physical and immune stressors both engage in activation of the HPA axis through stimulating the 

release of adrenocorticotropic hormone (ACTH), which in turn increases levels of 

glucocorticoids from the adrenal cortex (Tsigos & Chrousos, 2002).  Glucocorticoids are released 

in order to maintain homeostasis following activation of the immune system (Prigent et al., 

2004).  LPS administration also causes increased glucocorticoid release (Beishuizen & Thijs, 

2003), however the exact mechanism of action has yet to be confirmed.  

LPS administration resulted in decreased adrenal gland weight in the lowest (0.25mg/kg) 

dose (Figure 7 and Figure 13), however the middle (0.5mg/kg) and highest (1mg/kg) dose 

showed an increase in adrenal gland weight ratio when compared to SAL-treated animals.  

Atrophy of the adrenal glands seems to have occurred at the lowest dose of LPS, which may be 

due to a heightened stress response following systemic administration.  Although this was not 

explored in this experiment, in order to determine if the stress response may have altered adrenal 

gland functioning resulting in atrophy, levels of corticosterone should be measured.  Determining 

baseline levels of glucocorticoids as well as measuring levels following LPS will help determine 

if the glucocorticoid system is altered in inflammatory states.  Interestingly, the middle and 

highest dose resulted in an increase in adrenal gland weight ratio, although this increase was not 

significant when compared to SAL-treated animals.  Research has shown that CMS exposure 

increased adrenal gland weight due to increased corticosterone release (Ulrich-Lai et al., 2006).  

LPS exposure, depending on the dose, may exhibit changes in adrenal functioning similar to 

those found in rodents following CMS exposure.  
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LPS could be considered an immune stressor which alters adrenal gland functioning 

(Zacharowski et al., 2006).   Similar to CMS research and its effects on adrenal gland 

functioning, one could expect that administration of LPS would cause changes in adrenal weight 

that is similar to those found following CMS.  As a result, an increase in adrenal gland weight 

ratio would be expected following administration of LPS, similar to that found during the 

Preliminary Experiment (Figure 7).  However, a decrease in adrenal gland weight similar to that 

found in both Figure 7 and Figure 13, though not expected could signify atrophy of the adrenal 

gland due to excessive corticosterone release (Yasuda et al., 2019).  

The thymus gland is located in the thorax just above the heart and is heavily involved in 

the production of progenitor cells (Gruver & Sempowski, 2008).  These progenitor cells further 

develop into T-cells which are used by the body in order to fight infection and develop the 

immune system (Chaudhry et al., 2017).  Administration of LPS has been shown to cause thymic 

atrophy, which typically peaks 3-5 days following administration (Hick et al., 2006).  

Specifically, the release of TNF-α triggered by infection helps drive the atrophy of the thymus 

gland (Chaudhry et al., 2017).  As expected, this trend was observed in the preliminary 

experiment and experiment 1.  As dose increased, thymus weight decreased, with the largest drop 

in thymus weight occurring with the highest dose of LPS.  The lowest dose of LPS, 0.25mg/kg 

did not cause drastic changes in thymus weight however it still decreased thymus weight, 

indicating atrophy of the thymus gland and therefore altering immune system functioning. 

4.2.3 Validity of Model  

Despite research validating peripheral LPS administration for neuroinflammation, the 

literature suggests some discrepancies in results depending on the study.  For example, 

intraperitoneal (i.p.) injection of LPS may have both neurotoxic and neuroprotective effects 
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depending on the experimental conditions, as inflammatory responses may shift towards anti-

inflammatory (M2) microglia instead of pro-inflammatory (M1) (Catorce & Gevorkian, 2016).  

Some studies have also suggested that LPS does not result in morphological changes in 

microglial cells following a single dose, while others have suggested LPS is enough to induce 

changes in morphology (Qin et al., 2007), including increased Iba-1 positive cells (Ifuku et al., 

2012; Okuyama et al., 2013).  In order to examine if LPS-induced neuroinflammation does in fact 

alter microglial cells, immunohistochemistry procedures using Iba-1 staining should be 

employed.  Exploring microglial activation using immunohistochemistry will determine whether 

low doses of LPS are enough to cause changes in microglial cells or if higher doses are necessary 

to see these changes.  Examining microglial activation within the CNS will also serve to validate 

systemic LPS administration as a model of neuroinflammation.  

The main reason for such differing outcomes may be the result of differences in 

experimental design which could produce different findings.  The strain of LPS used, the dose, 

number of injections, and time of behavioural testing following administration may all play a role 

in the effects of LPS.  Experimental results from both the preliminary experiment and experiment 

one showed that administration of LPS did not result in deficits in PRT responding, as both SAL- 

and LPS-treated animals developed a response bias over testing blocks.  During experiment 1, 

initially LPS-treated animals did not have a response bias however as time progressed this group 

responded similarly to SAL-treated animals.  The development of a response bias 7 days post 

LPS administration may be the result of the dose of LPS being unable to cause long-term changes 

in behaviour.  A single dose of LPS at 0.25mg/kg may only be effective in inducing anhedonic-

like behaviours following cessation of sickness behaviours.  Examining the effects of low dose 

LPS on anhedonia at 48 hours post-administration may provide more insight into the relationship 

between LPS-induced neuroinflammation and anhedonia.  
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While findings have been mixed, the general consensus is that LPS is an effective method 

of inducing neuroinflammation in rodent models.  The issue lies in the interpretation of 

behavioural outcomes, which raises the questions of whether these “sickness” behaviours are the 

result of anhedonia or if it could be due to extreme changes in inflammatory processes within the 

CNS following LPS injection.  Using LPS as a model of neuroinflammation in rodents needs to 

be more clearly defined in order to fully examine the relationship between LPS and 

neuroinflammation, as too many factors can alter the results. However, because of unclear results 

this model of neuroinflammation may be insufficient to use when looking at the relationship 

between neuroinflammation and anhedonia.  Other models of inflammation, including 

inflammatory pain, cytokine therapies, PolylC induced immune challenges, streptozotocin-, or 

other models of psychiatric disorders including schizophrenia may provide more evidence into 

the relationship between neuroinflammation and anhedonia. 

4.3 Anhedonia and Neuroinflammation  

Brain circuits, networks, and various cellular and molecular pathways have been shown to 

be affected by inflammatory processes (Lee et al., 2018).  As previously mentioned, peripheral 

administration of LPS may induce depressive-like symptoms that have often been characterized 

as sickness behaviours.  These sickness behaviours often include decreased locomotor activity, 

decreased feeding, social withdrawal and Increased pain sensitivity.  Research has suggested that 

behavioural changes as a result of LPS peaks approximately 2-6 hours following administration 

Dantzer et al., 2008), and sickness behaviours begin to resolve 24 hours later (Biesmans et al., 

2016).  Following resolution of sickness behaviours, depressive-like behaviours such as 

anhedonia and helplessness are greatly increased (van Dam et al., 1992; Biesmans et al., 2016). 

Thus, it is likely that the longevity of depressive-like symptoms perpetuates aberrant responding 
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of the immune system, which in turn, perpetuates depressive-like symptoms.  This is supported 

by the fact that chronic immune system dysregulation has been associated with higher incidence 

of depression (Leonard, 2010).  Research has suggested that approximately 15-22% of 

individuals suffering from chronic inflammatory conditions have accompanied depressive 

symptoms (Ho et al., 2011; Lee et al., 2018), however, no direct relationship between LPS-

induced neuroinflammation and anhedonia has been examined.  In animals, immune system 

activation has been associated with anhedonic-like behaviour (Eisenberger et al., 2010), 

specifically increased inflammatory markers have been associated with deficits in reward 

processing (Boyle et al., 2019).  

Following administration of LPS, sickness behaviours in our study were monitored over 

the first 48 hours.  As shown in Table 1, as the dose of LPS increased so did the severity of the 

animal’s sickness behaviours.  The greatest changes in behaviour were observed with the highest 

dose of LPS, 1mg/kg, however such a high dose resulted in increased omissions in the PRT 

which prevented anhedonia from being accurately examined.  As a result, the lowest dose of LPS, 

0.25mg/kg, was used to induce behavioural changes that did not interfere with behavioural 

testing during the PRT.  Unfortunately, contrary to the hypothesis in experiment 1, both SAL- 

and LPS- treated animals developed a response bias 7 days post injection.  This may suggest that 

this timeline for testing in the PRT is insufficient to reveal anhedonia-like behaviours but it may 

also be that this model of neuroinflammation is not suitable for the behavioural testing used in 

this experiment.  As previously mentioned, a shortened timeline for testing following LPS-

induced administration may provide an understanding of the relationship between LPS-induced 

neuroinflammation and anhedonia.  The results at 48 hours post LPS-injection in the preliminary 

experiment was unable to provide insight into this relationship as the testing results may have 

been confounded by repeated testing.  
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4.4 Implications  

Although more research is needed, the current study provides evidence for the efficacy of 

LPS injection as a method to induce neuroinflammation in rats.  The findings in the PRT were 

inconclusive, as both SAL- and LPS-treated rats developed a response bias over the four testing 

blocks, but qualitative observations showed corresponding behavioural changes in LPS-treated 

rats.  While anhedonia is found in a variety of mental health disorders, the neuroinflammatory 

mechanisms are still poorly understood, thereby making it essential to further explain the role of 

neuroinflammation in anhedonia and thus broaden our insights on the neuropathology of this 

disorder. 

4.5 Limitations and Future Directions 

4.5.1 Sex Differences  

Typically, male subjects are used in order to maintain consistency across studies 

especially when looking a reward responsiveness (Der-Avakian et al., 2013).  Typically, research 

looking into anhedonia using the PRT has equal representation of male and female participants 

however, sex-differences are not explicitly explored (Pizzagalli et al.,2008; Pizzagalli et al., 

2009).  Depression is a sexual dimorphic disorder but sex differences in anhedonia, a symptom of 

depression and other mental health conditions, has yet to be investigated (Duman, 2017).  

Approximately 37% of individuals with MDD have anhedonia as a central feature (Pelizza and 

Ferrari, 2009), with women suffering 1.5 times more than males (Parker et al., 2014).  Together 

this suggests that males and females may have different prevalence rates of anhedonia (Gorwood, 

2008).  Research has also suggested that many chronic inflammatory disorders, like depression 

have a higher prevalence rate in females than males (Casimir et al, 2010).  Knowing this, 
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examining anhedonia in male and females using the PRT would help elucidate the sexually 

dimorphic nature of this mental health condition.  

4.5.2 Potential Role of the Endocannabinoid System 

As previously mentioned, the endocannabinoid system is comprised of various signalling 

molecules including AEA and 2-AG.  These two molecules have been shown to decrease 

inflammatory signalling in several models of inflammation (Turcotte et al., 2015), through 

decreasing the release of proinflammatory cytokines and increasing the release of anti-

inflammatory cytokines (Cencioni et al., 2010).  Research conducted by Malek and colleagues, 

2015 found that pre-treatment with AEA following LPS-induced inflammation found that AEA 

downregulated M1, pro-inflammatory markers.  More specifically, AEA treatment decreased 

nitric oxide (NO) release from microglial cells, indicating decreased activation of these cells.   

Since research has found a relationship between inflammation of MDD, it may be possible that 

immune system dysfunction leads to depressive like symptoms through alterations of the 

endocannabinoid system.  The original goal of the current thesis was to assess the ECS 

mechanism in altered reward processing induced by neuroinflammation.  However, due to certain 

constraints, the brains collected during this thesis have been saved and the role of CB2 receptors 

will be looked at in the future.  

4.5.3 Quantification of Endocannabinoid Levels 

In order to examine circulating levels of endocannabinoids in LPS-induced 

neuroinflammation, plasma and/or serum levels of endocannabinoids can be measured.  

According to the literature, serum levels of endocannabinoids allow for a more reliable 

measurement of AEA and 2-AG (Hillard, 2017).  The ECS is comprised of two receptors, CB1 

and CB2; activation of CB2 receptors on immune cells mediate inhibition and the secretion of 
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inflammatory markers (Barrie & Manolios, 2017).  A limitation of this study was that we were 

unable to examine levels of endocannabinoids following LPS-induced neuroinflammation.  As a 

result, whether the endocannabinoid system mediates the relationship between inflammation and 

anhedonia has yet to fully be explored.  In order to examine the relationship, future research 

should investigate measuring circulating levels of endocannabinoids and measuring CB1, CB2 

and fatty acid amide hydrolase (FAAH) levels.  

CB2 receptors are a key mediator for the regulation of immune cells and inflammation 

(McKallip et al., 2002; Mckallip et al., 2002; Ashton & Glass, 2007).  CB2 receptors are also 

involved in the regulation of the pro- and anti-inflammatory responses through the regulation of 

T-helper cells (Ziring et al., 2006).  Activation of CB2 receptors on immune cells, specifically 

macrophages, suppresses the release of pro-inflammatory cytokines (Chuchawankul et al., 2002).  

As a result, future research should fully examine the receptors of the endocannabinoid system to 

determine if manipulation of this system may serve as a therapeutic option for the treatment of 

inflammation-induced anhedonia. 

Finally, in order to fully examine the role of the endocannabinoid system in anhedonia 

and inflammation, a FAAH inhibitor could be used.  Naturally, FAAH is involved in the 

degradation of endocannabinoids within the brain, therefore a FAAH inhibitors can be used to 

enhance endocannabinoid signalling (Griebel et al., 2018).  FAAH inhibitors have been used in 

MDD and anxiety research showing the acute administration may produce anxiolytic and 

antidepressant effects in some animal models (Griebel et al., 2018).  Using a FAAH inhibitor 

may help determine if anhedonia is associated with elevated levels of endocannabinoids within 

the brain.  
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4.5.4 Bidirectional Relationship Between Neuroinflammation and Psychiatric Symptoms  

Research has investigated the relationship between the immune system and mood or 

psychiatric disorders, leading to the proposal of the inflammatory hypothesis.  According to this 

idea, stressful events affect immune system functioning and therefore have the ability to alter 

immune signalling molecules, including cytokines (Morey et al., 2015).  As previously 

mentioned, extensively. However, research looking at the relationship between inflammatory 

markers in anhedonia is lacking.  The inflammatory hypothesis states that many mental health 

disorders, including depression, anxiety, obsessive compulsive disorder (OCD) and schizophrenia 

are associated with high levels of pro-inflammatory cytokines (Yuan et al., 2019).  On the other 

hand, there may be a bidirectional relationship between the immune system and mood (Beurel et 

al., 2020).  The bidirectional nature of this relationship suggests that increased inflammatory 

markers leads to the development of mood disorders, while also suggesting that mood disorders 

lead to the subsequent increase in inflammatory markers that accompany these disorders.  

Examining the relationship between LPS-induced neuroinflammation and anhedonia may be 

looked at as a bias approach as it only looks at one part of the inflammatory hypothesis.  

Research should dive further into this relationship to determine if the inflammatory hypothesis is 

in fact bidirectional.  

4.6 Conclusion  

Anhedonia is characterized as a loss of pleasure in everyday activities that typically result 

in the experience of positive emotions, however these individuals have a deficit in the ability to 

process the positive value of rewards.  Using the PRT, the current study did not find that LPS-

induced neuroinflammation is associated with decreased reward responsiveness.  Several mental 

health conditions have been associated with increased inflammatory markers, including 
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depression, schizophrenia and substance used disorder however the neurobiological mechanism 

behind the relationship between inflammation and anhedonia are poorly understood.  Future 

studies looking at anhedonia as a mental health condition should continue to use the PRT as this 

model has been validated to study anhedonia in humans and animals.  However, the 

inflammatory model used in this study may not be the best model when looking at anhedonia 

specifically.  Other models of inflammation should be explored in order to determine if a 

relationship between neuroinflammation and anhedonia exists.  
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