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Abstract 

A NOVEL METHOD UTLIZING APPROACH-AVOIDANCE 

TO ASSESS THE AVERSIVE 

 NATURE OF PAIN 

 

Amber Lee Ann Harris, M. S.  

 

The University of Texas at Arlington, 2013 

 

Supervising Professor: Perry Fuchs 

Pain is a multidimensional experience that involves sensory, emotional/affective, 

and evaluative components, yet preclinical pain research has mainly focused on testing 

the sensory dimension. Those suffering from pain may be confronted with complex 

emotional conflicts on a daily basis in which they are presented with the dilemma of 

choosing to satiate other motivational drives or attend to their pain. Preclinical 

assessments focusing on sensory mechanisms and measurements may be lacking in 

predictive validity for treating pain populations. Some paradigms to test the affective 

nature of pain in laboratory rodents have been validated, yet they focus on escape from 

pain. Organisms may not be able to choose to escape pain if they want to satiate other 

homeostatic drives, such as hunger. Therefore, the objective of this research was to 

develop a new paradigm for testing the aversive nature of preclinical pain models in 

rodents by presenting contending motivational drives of hunger and pain. 

Subjects were presented with an operant box approach-avoidance conflict in 

which they had the choice to experience pain to obtain a reward and more specifically, 

they indicated whether pressing a lever associated with stimulation in a paw with a 

neuropathic or inflammatory condition was preferred. Results indicated there was no 
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statistical preference when neuropathic and inflammatory conditions were presented 

simultaneously, and there was also a suppression in reward seeking behavior, which 

coincides with previous research. However, in contrast with what was expected, control 

groups with pain conditions in only one paw also displayed no statistical lever/stimulation 

preference. This may be explained by a generalization effect caused by the proximity of 

the levers. After the levers were separated to opposite sides of the chamber, there was 

still a generalization effect in the group with one painful paw and one unaffected paw on 

test day one. Subjects were not able to effectively discriminate distinct outcomes for each 

lever/paw. By the second test day, there was an emerging trend towards preferring 

stimulation in the unaffected paw. For this reason, this paradigm may present an 

opportunity to investigate learning and memory mechanisms in pain.  Comparisons made 

between the validated escape-avoidance paradigm and the approach-avoidance 

paradigm indicate that the two measures may engage different mechanisms. Future 

research will aim to investigate: the utility of measuring the suppression of reward 

seeking in a one lever paradigm, learning and memory in a two lever paradigm, and 

neural correlates for approach-avoidance measures in pain.  
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Chapter 1  

Introduction 

Pain has been described as an “unpleasant sensory and emotional experience 

associated with actual or potential tissue damage, or described in terms of such damage” 

by the International Association for the Study of Pain (Boyce-Rustay & Jarvis, 2009).  

Pain serves an adaptive role by alarming the system that there is potential danger. 

However, when pain becomes chronic or disproportionate, it no longer serves as a 

benefit. In fact, chronic pain can become wearisome for the individual and can present 

significant disadvantages. The direct medical cost in the United States of America  as a 

result of pain in 2010 was estimated to be around $260-300 billion dollars with impacts on 

worker productivity costing around $610 billion (Gaskin & Richard, 2012). Pain may also 

lead to costs such as a reduced quality of life, sleep, mood, productivity, and social 

interactions. Due to these issues, pain is the most prevalent reason that individuals 

pursue medical attention (McCarberg & Billington, 2006).  

Pain is a perceptual experience which influences the emotional well-being of the 

individual. It is the product of multiple dimensions that include: sensory/discriminative, 

affective/emotional, and evaluative components (Melzack & Casey, 1968). Research 

indicates that these dimensions are related to distinct neural mechanisms. Incoming 

noxious sensory input ascends from the sensory neurons through the dorsal horn of the 

spinal cord, to the thalamus, and projections are sent to the cortical areas such as the 

somatosensory cortex (Craig, 2003). The somatosensory cortex is involved in processing 

the sensation of pain, but is not required for the perception of pain (Uhelski, Davis, & 

Fuchs, 2012). Furthermore, although sensory thresholds are similar across pain 

conditions, the affective experience may qualitatively differ. 
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Affect related to pain is comprised of emotions with a negative valence including 

depression, anxiety, fear, and anger (Gatchel, Peng, Peters, Fuchs, & Turk, 2007). More 

specifically, affect related to pain has been defined as the interpretation of the 

unpleasantness of the condition (Craig, 2003). The  anterior cingulate cortex (ACC) plays 

a role in the development of the affective component of pain by processing information 

about the unpleasantness of the condition (LaGraize, Labuda, Rutledge, Jackson, & 

Fuchs, 2004). The ACC communicates with areas such as the insular cortex and 

somatosensory cortices (Rainville, Duncan, Price, Carrier, & Bushnell, 1997). The 

periaqueductal gray and amygdala are key areas for processing affect as well (Boyce-

Rustay et al., 2010).  

 Processing of pain is also influenced by genetics, the endocrine system, and 

autonomic system regulation in a complex way (Melzack, 1999). Rodent models are 

critical for investigating complex mechanisms and treatments for pain. Although pain is 

multi-dimensional, much of the preclinical behavioral testing in rodents has focused on 

only sensory measurements. This may limit the ability of preclinical models to translate 

into clinical efficacy. As such, there is a need for developing additional measurements 

aimed at exploring the affective dimension of pain in rodents.   

1.1 Preclinical Assessment of Pain Affect 

 Existing preclinical rodent methods investigating the affective dimension of pain 

have focused on behaviors indicating the unpleasantness and aversive quality of the 

pain. Methods used include conditioned place preference (Shippenburg, Stein, Huber, 

Millan, & Herz, 1988; Sufka, 1994), conditioned place aversion (Johansen, Fields, & 

Manning, 2001), escape avoidance (LaBuda & Fuchs, 2000a), or the two temperature 

choice test (Mauderli, Acosta-Rua, & Vierck, 2000). These methods are useful because 

rodent avoidance of painful stimuli or behaviors to reduce pain can be interpreted as an 
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indication of the unpleasantness of the condition. An example of a validated method is 

the Place Escape Avoidance Paradigm (PEAP) (LaBuda & Fuchs, 2000a). After the 

induction of a pain condition to the left hind paw, the subject is placed into a half light/ half 

dark chamber atop raised wire mesh platform. When in the dark side of the chamber, 

which is instinctually preferred by rodents, subjects are stimulated with a suprathreshold 

von Frey filament (476 mN of force) in the affected paw. When in the non-preferred light 

side of the chamber, the same stimulus is applied to the unaffected right hind paw. In 

order to avoid a noxious stimulation in the painful paw, the rodent must shift from the 

preferred dark side of the box to the light side of the box. This shift indicates the 

unpleasantness or aversive quality of the noxious stimulation (LaBuda & Fuchs, 2000a).  

 Validations of the measure show that the test engages the  anterior cingulate 

cortex which has been associated with the affective/motivational component of pain in 

humans (LaGraize et al., 2004; Uhelski, Morris-Bobzean, Dennis, Perrotti, & Fuchs, 

2012).  Specifically, lesions to the ACC reduced escape-avoidance scores but not 

mechanical hypersensitivity scores demonstrating a measure of affect independent of a 

sensory measure (LaGraize et al., 2004)  Increased cellular activity was found in the ACC 

in animals which displayed the shift to the light side of the chamber (Uhelski, Morris-

Bobzean, Dennis, Perrotti, & Fuchs, 2012). Light side chamber preference is reduced by 

analgesics (Baastrup, Jensen, & Finnerup, 2011; Boyce-Rustay et al., 2010; LaBuda & 

Fuchs, 2000b, 2001; Pedersen & Blackburn-Munro, 2006) and is not confounded by 

anxiety (Baastrup et al., 2011; Wilson, Boyette-Davis, & Fuchs, 2007). This converging 

evidence demonstrates that the PEAP is a valid measure of pain affect in rodents.  

A modification of the PEAP (mPEAP) was developed to compare affective pain 

processing in inflammatory and neuropathic conditions (McNabb, Uhelski, & Fuchs, 

2012). Rather than a light/dark box, a box with horizontal stripes on one side and vertical 
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stripes on the other was created in order to eliminate the inherent preference for the dark 

side of the box. Due to the design, neither side should be preferred, allowing comparison 

of two pain models simultaneously. After a neuropathic pain condition was introduced to 

the left paw and an inflammatory condition was introduced to the right paw, subjects were 

tested in the modified box. The results showed that there was no preference for one side 

of the box over the other indicating that even though the peripheral mechanisms for the 

inflammatory and neuropathic pain are different, there seemed to be no difference in how 

bothersome the inflammatory or neuropathic conditions when using this measure 

(McNabb et al., 2012).  

This short review of the PEAP and mPEAP illustrates how different 

measurements address the affective dimension of pain in distinct ways. All preclinical 

affect measurements discussed thus far involve escaping pain or approaching relief from 

pain, yielding important information about the aversiveness of pain conditions. In natural 

conditions, however, organisms may not have a choice to avoid pain or obtain relief. In 

fact, organisms may need to approach pain to satiate other drives, presenting a conflict of 

homeostatic drives.  

1. 2 Pain as a Homeostatic Drive 

Similar to itch, hunger, and thirst, pain can be viewed as a homeostatic drive 

influenced by information from afferent channels which ascends to the thalamus and on 

to cortical areas resulting in behavioral responses (Craig, 2003). Previous studies using 

operant box techniques in rodent pain measurements have utilized the presentation of 

competing motivational drives (LaGraize, Borzan, Rinker, Kopp, & Fuchs, 2004). As 

shown by LaGraize et al. (2004), formalin (a noxious inflammatory agent) is a useful 

model for analyzing these competing drives because when injected in the hind paw, it 

causes a biphasic pain response in which spontaneous pain behaviors such as licking 
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are high in the beginning, taper off in the middle phase, and then return at the end. After 

an injection of formalin, animals that had been trained to bar press for reward decreased 

responses during the initial phase of formalin spontaneous pain behaviors, and increased 

during the middle phase. These results led to the conclusion that the attention to 

motivational drives may be dependent on the intensity of the imbalance, leading animals 

to attend to only one imbalance at a time (LaGraize et al., 2004). When presented with 

competing drives, it can be expected that animals will attend to the one that presents the 

most intense imbalance.   

As previously mentioned, most rodent affect measures rely on quantification of 

escape from a noxious stimulus or approach of relief. Approach-avoidance has not been 

widely used in pre-clinical pain affect research.  Approach-avoidance methods present 

organisms with a conflict between obtaining a desired goal that has a simultaneous 

negative valence associated with it (Cohen et al., 2009). These paradigms have 

historically been used in addiction research when rodents are presented with a 

nauseating substance when approaching a drug with rewarding properties and also in 

early pharmaceutical testing to determine if the drug is desirable enough for subjects to 

choose to experience a negative foot shock (Cohen et al., 2009).   

Approach-avoidance conflict may be useful in pain assessment because it can 

allow rodents to deliberately indicate if they would experience a painful stimulus in order 

to obtain a reward. This is applicable to pain assessment where it is valuable to 

determine the unpleasantness of the painful stimulus, in a complex situation. Preclinical 

research that places subjects in conflict with contending drives reveals useful information 

about the nature of pain as it relates to functioning and behavior, as pain can be 

conceptualized as a homeostatic drive. This research seeks to consider the aversive 

quality of pain in rodents from a reward seeking, hunger reduction perspective.  
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1.3 Purpose 

The purpose of this research was to investigate the usefulness of approach-

avoidance to assess and compare the affective dimension of preclinical pain models. 

Subjects were given a choice to approach stimulation in a paw with an inflammatory or 

neuropathic pain condition to receive food reward, allowing subjects the ability to indicate 

the unpleasantness of pain conditions. Based on previous research, it was predicted that 

a motivated choice would be made to relieve the more aversive of the drives, allowing for 

comparison of the aversiveness of the two conditions. This is similar to other paradigms, 

which allow subjects to indicate unpleasantness by making motivated decisions about 

stimulation in painful paws. However, this paradigm is different because it asks subjects 

to approach their pain rather than escape it. The paradigm introduces another level of 

homeostatic dysregulation, hunger, which allows for a measure of the disruption in 

functioning in a complex environment where multiple drives must be considered.   
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Chapter 2  

Experiment One 

The overall goal of the paradigm was to present rodents with a conflict in which 

they could choose to approach a painful stimulus to obtain a food reward. Components of 

a standard operant chamber were modified to create the measurement apparatus where 

pressing a lever resulted in a food pellet reward. Subjects were presented with three 

behavioral choices: press the left lever which resulted in stimulation in a paw with a 

neuropathic condition, press the right lever which resulted in stimulation in a paw with an 

inflammatory condition, and press no lever which resulted in no stimulation and no 

reward. Because approach-avoidance was used and subjects had multiple choices, the 

paradigm will be referred to as the Multichoice Approach-Avoidance Paradigm (MAAP).  

2.1 Methods 

All research was conducted in the University of Texas at Arlington Animal Care 

Facility. The study had approval of the Institution’s Animal Care and Use Committee, and 

the experiment was conducted in accordance with “The Ethical Guidelines for 

Investigations of Experimental Pain in Conscious Animals” (Zimmermann, 1983).  

2.1.1 Subjects and Groups 

Seventy-Seven male Sprague-Dawley rats initially weighing 330-610 grams were 

obtained from the University of Texas at Arlington vivarium at 3.5-6.5 months of age. 

Forty-eight were included in the main analysis (12 per group). Exclusions occurred for  

the following reasons: 14 animals that did not meet the training requirements, 1 excluded 

at baseline sensory testing, 9 excluded at test day sensory testing, and 5 due to 

complications with health or surgery.  Animals were continually housed on a 12/12 hour 

light/dark cycle and were placed into single cages so that their food intake could be 
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controlled. They were given access to water ad libitum except for during behavioral 

testing and surgeries. 

 Because this research used food pellets as a reward, food intake was controlled 

for the duration of the training and testing days to stimulate hunger motivated behaviors. 

Animals were fed and weighed once daily to ensure that weight did not fall to less than 

80% to avoid adverse consequences such as distress, pain, and organ failure. Only the 

necessary level of food regulation occurred and procedures were conducted in 

accordance with regulatory agency suggestions (National Research Council, 2001). 

Animals were fed pellets at variable times in order to eliminate the possibility that they 

may expect food at a particular time, which could affect the results of reward seeking 

behaviors during operant testing.  

Animals were randomly selected from the UTA vivarium, and randomly assigned 

to the following left paw/right paw conditions: spinal nerve ligation/carrageenan, 

sham/carrageenan, spinal nerve ligation/saline, and sham/saline.  

2.1.2. Procedures 

Animals were habituated in the laboratory for at least 24 hours before baseline 

assessments of mechanical hypersensitivity were conducted using the Mechanical Paw 

Withdrawal Threshold (MPWT) test. Animals that were hypersensitive at baseline were 

excluded. Subjects were placed on a food deprivation schedule, and operant box training 

began when subjects had dropped to  85% of their original body weight. After the training 

sequence was completed, MPWT testing was conducted again to ensure that mechanical 

hypersensitivity was not acquired during training. Then, surgeries introduced a 

neuropathic pain condition by left unilateral L5 nerve ligation or a sham surgical control. 

Two full days of recovery were allotted before an inflammatory injection of .05 ml of 1% 

carrageenan or saline control was introduced to the intraplantar surface of the right hind 
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paw. After three hours, mechanical testing was conducted prior to operant box testing. 

Table 2-1 summarizes the order of procedures and criteria for progression to the next 

procedure: 

Table 2-1 Procedures for Model Development  

Daily Procedure Inclusion Criteria 

Weigh/Feed Food Control No Training Until 85% weight 
Weigh/Feed Pre-Training MPWT Lack of sensitivity 
Weigh/Feed Magazine Training Must retrieve pellet from hopper 
Weigh/Feed Right Shape/Right Train  

(counterbalanced) 
80% time spent pressing 
 

Weigh/Feed Left Shape/Left Train 
(counterbalanced) 

80% time spent pressing 
 

Weigh/Feed Dual Train  80% time spent pressing 
65% unbiased pressing 

Weigh/Feed Dual Train in raised box 
 

80% time spent pressing 
65% unbiased pressing 

Weigh/Feed Pre-Surgery MPWT Lack of sensitivity 
 SNL or Sham Surgery  
Weigh/Feed 2 days of full Recovery  
Weigh/Feed Carrageenan or Saline Injection MPWT criteria for groups 
 Test Day MPWT  
 Primer Procedures  
 MAAP Test  

 
2.1.3. Mechanical Paw Withdrawal Threshold (MPWT) 

Sensory threshold testing was accomplished by stimulation with Von Frey 

monofilaments of varied force ranging from 3.85 to 251.34 mN. Subjects were placed 

atop a wire mesh floor platform inside of Plexiglas chambers and allowed to habituate for 

10 minutes. Stimuli were applied for one second each to the plantar surface of each hind 

paw. Responses or lack thereof, determined the pattern of application of the stimuli. 

Responses included actions in reference to the stimulus such as licking, flicking, flinching 

that results in removal of the paw, and total withdrawal of the paw. Lack of a response 

resulted in  the application of a higher force stimulus and presence of a response resulted 

in application of a lower force stimulus.  
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Mechanical paw withdrawal threshold scores (MPWT) were established using a 

formula which considers the pattern of responding, the force for the initial response, and 

force of the last stimulation (Dixon, 1980). Higher scores are a reflection of less sensitivity 

and lower scores are a reflection of more sensitivity. Three trials were conducted for each 

paw and the scores were averaged. The maximum, or rate at which there was no 

response or sensitivity, was 456.63 mN (the highest score achievable).  Baseline 

measures of MPWT were conducted before training to ensure there was no pre-existing 

hypersensitivity and after training to ensure that no hypersensitivity was developed during 

training. Then, MPWT testing occurred prior to operant testing to confirm that the 

experimental manipulations were successful. The inclusion criteria for pain groups 

required at least a 50% decrease in MPWT scores from the maximum. In contrast, 

control groups should not show a significant drop in threshold.  

2.1.4. Neuropathic Condition 

Neuropathic pain originates in the nervous system, the symptoms of which can 

still be present even after the direct cause can no longer be explained (Boyce-Rustay & 

Jarvis, 2009). The etiology includes a variety of insults including: viruses, compressed 

nerves, direct neural injuries, inflammation, tumors, chemicals, and diseases. Symptoms 

include pain which is inconsistent with the stimulus and non-evoked pain such as 

shooting, burning, and spasms (Boyce-Rustay & Jarvis, 2009).  

There are multiple mechanisms for the development of neuropathic pain, 

including both central and peripheral changes (Bridges, Thompson, & Rice, 2001). 

Peripheral effects include ectopic discharge of spontaneous afferent fibers, modifications 

in ion channels, ephaptic discharge, collateral sprouting, sprouting in the dorsal root 

ganglia, connections between the sympathetic and central nervous systems, and 

sensitization of nociceptors. Central mechanisms include sensitization in the central 
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system, reorganization in the spinal cord and cortex, and long term changes in the 

inhibition pathways from the brain to the spinal cord (Bridges et al., 2001). Unfortunately, 

there is no reliable treatment to prevent neuropathy from manifesting, or to eradicate it. 

Due to the invasive nature of neuropathic pain, human experimental models have not 

been developed. Therefore, experimental animal use is imperative for the investigation of 

mechanisms and treatments.  

To induce an experimental neuropathic condition, a left unilateral ligation of the 

L5 spinal nerve was conducted while subjects were under isoflourane anesthesia (3% 

initiation and 2 % maintenance). Ligation procedures followed methods that were 

previously described by Kim and Chung (1992). After shaving and skin preparation with 

the aseptic betadine, a 1-1.5 inch incision was made slightly left of the spinal cord. A 

portion of the transverse process was removed in order to uncover the L5 spinal nerve 

which was tightly ligated using a 6-0 silk suture (LaGraize et al., 2004). After suturing of 

the muscle layer, the skin was stapled (LaGraize et al., 2004).  

Sham surgeries were conducted in a similar fashion, with the exception of the 

removal of the transverse process and ligation of the nerve. The control surgery allows 

for the effects of the anesthesia and procedures independent of the actual ligation to be 

considered. In both sham and surgical conditions, the breathing rate was recorded every 

15 minutes on an operative sheet. Two full days of recovery were allotted before testing 

occurred, and animals were monitored daily after surgeries for eating, drinking, activity, 

heavy breathing, chromodachyhorrea, wound status, and rough hair coat (indicating 

severe distress) for each day after surgery.  

The use of systemic analgesics post-surgery was not an option for this study 

because of the risk of compromising the development of the neuropathic condition. 

Preemptive administration of analgesics can influence the development of some pain 
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conditions (Sandkühler & Ruscheweyh, 2005). Therefore, it was decided that the best 

approach for this study was to administer .1 ml of lidocaine underneath surgical staples to 

treat operative incisional pain.  

2.1.5. Inflammation Condition 

Inflammation is adaptive because it has the ability to promote healing of injury, 

infection, or irritation (Wall & Melzack, 2005). Inflammation can be caused by direct tissue 

damage, disease, chemical insults, burns and viruses. One direct result of inflammation 

is pain at the site due to compression of nerves, but contact with external stimuli can also 

result in pain (Wall & Melzack, 2005).  

Signs of inflammation include redness, heat, swelling, and pain which indicates 

an increase in blood flow to the affected area and fluid leakage (Wall & Melzack, 2005). 

Pressure on nerve endings caused by inflammation and the release of inflammatory 

mediators such as bradykinins, prostaglandins, and cytokines can lead to pain. Also, 

neurogenic inflammation can occur when neurotransmitters are released at primary 

afferent terminal endings.  Like persistent neuropathic pain, persistent pain related to 

inflammation may no longer serve an adaptive role. Symptoms of inflammatory pain 

include tenderness, swelling, and a decreased threshold for pain caused by external 

stimuli or movement as nociceptors become sensitized. Pharmacological treatments for 

inflammatory pain include non-steroidal anti-inflammatory drugs, antiepileptics, 

corticosteroids, antagonists of inflammatory mediator substances, and opiates (Wall & 

Melzack, 2005). Preclinical animal models are essential for investigating mechanisms 

and treatment for inflammatory pain. 

To induce  inflammation, animals were wrapped in a terry cloth towel and a .05 

ml injection of 1 % carrageenan-lambda (Sigma) was injected into the plantar surface of 
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the right hind paw. Subjects in the inflammation control condition group were injected 

with.05 ml of saline. 

2.1.6. MAAP Apparatus  

Operant training occurred in Med Associates Inc. Operant chambers. The 

standard chamber has a steel rod floor and contains a lever on the left and the right sides 

of a food hopper which dispenses food pellet rewards (BioServ rodent grain-based 

formula, 45mg). It also includes a nose-poke hole mount on the side of the chamber 

opposite to the hopper. To create the testing apparatus, the floor of the chamber was 

removed and the nose poke hole section was replaced by smooth metal plates. The 

chamber was mounted and secured atop a PVC platform with a wire mesh floor (See 

Figure 2-1). The outside of the chamber was covered in black contact paper. Each 

training and testing session began with the illumination of the house light which is 

mounted atop the same wall as the food hopper and levers.  
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Figure 2-1 MAAP Apparatus 

2.1.7. MAAP Training and Testing  

Training sessions were conducted once daily for 30 minutes in the standard 

operant chambers and the sequence began with magazine training to ensure that 

subjects learned to retrieve pellets from the hopper. Then subjects were shaped through 

successive approximations to press a single lever to receive a food pellet. The 

introduction of levers for training was counterbalanced with half of the subjects learning to 

press the left bar first and half learning the right bar first. When manual shaping indicated 
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that subjects could press the lever and retrieve a pellet consistently, the remainder of the 

trainings in the sequence were automated.  

During single lever trainings, the lever was presented every 30 seconds with a 

light over it for 10 seconds. If the bar was not pressed, the pellet was dispensed at the 

end of the 10 seconds during training to facilitate the association between the lever and 

receiving a pellet. If the bar was pressed, it retracted immediately and a pellet was 

administered. After successful completion of single trainings for each lever separately 

(80% of time spent pressing), subjects were then trained with both levers simultaneously 

until there was an unbiased acquisition for lever pressing. Successful training in the dual 

presentation training was regarded as 80% bar pressing success, with no more than 65% 

of lever presses occurring at one single bar.  In the event that there existed a bias over 

65%, the next day of testing began with a primer consisting of the presentation of the 

non-preferred lever until 10 lever presses were achieved. 

 Subjects were also required to perform the dual presentation training in the 

testing apparatus atop wire mesh to make sure the environment of the raised test box did 

not present a context in which unbiased lever pressing was extinguished. The number of 

training days for each subject was dependent on acquisition rates and animals were 

excluded if acquisition of one phase of training was not achieved by five attempts. 

On the test day, subjects were first administered a primer in the raised test box 

consisting of presentation of the lever opposite from their initial training lever. Then a 

primer for the other lever was administered. Primers were present until subjects 

responded 10 times. They were tested using the same procedures as the dual training, 

except mechanical stimulation was applied to the plantar surface of the hind paws. 

During the testing procedure, pressing the left lever was followed by the presentation of 

the food pellet as before, however, a suprathreshold mechanical stimulation (Von Frey, 
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4.76 mN of force) was administered to the left hind paw which was associated with the 

spinal nerve ligation or sham depending on the subject condition. Pressing the right lever 

was followed by a food pellet and suprathreshold stimulation to the right hind paw which 

was associated with the carrageenan or saline injections depending on the subject 

condition.  

This was a fixed ratio schedule based on a 1 bar press/ 1 food pellet 

contingency. Although animals were able to bar press a considerable number of times 

per minute, the presumption was made based on prior research that the rate of response 

would be low due to the presence of the noxious stimulation. Additionally, it could 

become arduous to ensure the contingency of the application of the mechanical 

stimulation during successive bar pressing. Subjects that did not cross over in the first 10 

trials were excluded from the study.  

There was variability in the response times of lever pressing leading to a different 

number of trials for each subject during the 30 minute sessions. Three outcomes were 

measured: pressing the left lever, the right lever, or pressing no lever.  For this reason, 

data is presented as the percentage time spent for each outcome, which on the test day 

corresponded to the number of stimulations to each paw/condition. The formula used to 

calculate percentage scores was: # of choices made for specific outcome/ # of trials = 

percent time spent preferring specific outcome. Raw data averages by group are 

provided in table format.  

After the conclusion of the study, animals were euthanized with carbon dioxide 

gas. Procedures followed guidelines from the American Veterinary Medical Association’s 

Guidelines for euthanizing rodents (AVMA Panel on Euthanasia, 2007). Animals were 

placed in a non-crowded chamber and once unconsciousness was achieved, the rate of 

carbon dioxide flow was increased for two minutes past when the respiration had ceased.   
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2.2. Results 

SPSS software was used to run statistical analyses of the data. Post hoc effects 

were not investigated when there was no interaction.   

2.2.1. MPWT Outcomes  

 Mixed repeated measures ANOVAs were run with group as the between 

subjects variable (SNL/carrageenan, SNL/saline, sham/carrageenan, sham/saline) and 

MPWT scores over time (baseline, pre-surgery, and test day) as the dependent variable 

for both left and right paw scores to assess the efficacy of the experiment conditions. See 

Figure 2-2 for scores by group. 

Results for the left paw MPWT scores mixed repeated measures ANOVA 

indicated that there was a main effect for time, F (2,88) = 204.88, p < .001, a significant 

main effect for condition, F (3,44) = 42.85, p < .001, and a significant interaction effect, F 

(6,88) = 60.07, p < .001.  Simple effects revealed that for the sham/saline and 

sham/carrageenan groups there were no differences between Baseline, Pre-Surgery, and 

Test Day MPWT Scores, (p >.05). In the SNL/saline and SNL/carrageenan groups there 

was no difference from baseline to pre-surgery (p >.05), yet there was a significant 

decrease in threshold on the test day demonstrating the efficacy of the surgery (p <.001).  

Results for the right paw MPWT scores indicated that there was a main effect for 

time, F (2,88) = 370.72, p < .001, for condition, F (3,44) = 96.06, p < .001, and a 

significant interaction effect, F (6,88) = 111.90, p < .001.  Simple effects revealed that for 

the sham/saline and SNL/saline groups there were no differences between Baseline, Pre-

Surgery, and Test Day MPWT Scores, (p >.05). For the sham/carrageenan and 

SNL/carrageenan groups there were no differences between baseline and pre-surgery 

scores (p >.05), yet there was a significant decrease in threshold scores on the test day 

demonstrating the efficacy of the carrageenan injection (p <.001).



 

  

Figure 2-2 MPWT Scores by Group (±SEM).

Significantly lower scores in the experimental groups and no change in control groups indi
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(±SEM).: (a) sham/saline, (b) sham/carrageenan, (c) snl/saline, (d) snl/carrageenan

Significantly lower scores in the experimental groups and no change in control groups indicate the efficacy of the conditions. 

 

: (a) sham/saline, (b) sham/carrageenan, (c) snl/saline, (d) snl/carrageenan.  

cate the efficacy of the conditions. 
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2.2.2. Approach-Avoidance Outcomes  

 Mixed repeated measures ANOVAs were run with group as the between subjects 

variable (SNL/carrageenan, SNL/saline, sham/carrageenan, sham/saline) and preference 

percentages over time (baseline and test day) as the dependent variable for left, right, 

and no lever pressing preferences (See Figure 2-3). Simple effects were not investigated 

when there was no interaction effect. Means and standard errors for raw data are 

available in Table 2-2.  

Table 2-2 Mean Number of Stimulations Raw Data 

 Left Stimulations  Right Stimulations  No Stimulations  

 M SE  M SE  M SE  
sham/saline 23.5 4.81  19.5 3.51  10.00 3.90  
sham/carrageenan 13.83 2.99  12.33 2.58  23.17 4.32  
SNL/saline 17.92 3.93  21.17 4.86  12.08 4.69  
SNL/carrageenan 17.33 4.33  9.25 2.67  22.58 4.11  

  
 Results for left lever/stimulation indicated that there was a main effect of time, F 

(1,44) = 21.34 p <.001, but no main effect for condition, F (3,44) = .71, p =.55, and no 

significant interaction effect, F (3,44) = 1.20, p =.32.  

 Results for right lever/stimulation indicated that there was a main effect of time, F 

(1,44) = 35.73, p <.001, a main effect for condition, F (3,44) = 3.29, p =.03, but no 

significant interaction effect, F (3,44) = .99, p =.41.  

 Results for no lever/stimulation indicated that there was a main effect of time, F 

(1,44) = 58.85, p <.001, but no main effect for condition, F (3,44) = 2.32, p =.09, and no 

significant interaction effect, F (3,44) = 2.14, p =.11.   

 



 

  

Figure 2-3 Preferences by Group (±SEM)

Percent time spent pressing left, right, or no levers as calculated by Number of outcome (Left, Right, None) / Number of Tria
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(±SEM): (a) sham/saline, (b) sham/carrageenan, (c) snl/saline, (d) snl/carrageenan

Percent time spent pressing left, right, or no levers as calculated by Number of outcome (Left, Right, None) / Number of Tria

 
: (a) sham/saline, (b) sham/carrageenan, (c) snl/saline, (d) snl/carrageenan.  

Percent time spent pressing left, right, or no levers as calculated by Number of outcome (Left, Right, None) / Number of Trials. 
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2.3. Conclusions 

2.3.1. MPWT   

As expected, the MPWT scores indicated that the sham surgeries and saline 

injections did not produce mechanical hypersensitivity. SNL surgeries and carrageenan 

injections were successful in introducing hypersensitivity, demonstrating the efficacy of 

the conditions. Interpreting the results of the main analysis of lever pressing preferences 

was contingent upon these results. Results from sham/carrageenan and SNL/saline 

groups demonstrated that there were no contralateral effects of the pain conditions that 

could lead to biases in lever pressing. There was no statistical difference between 

baseline and pre-surgery MPWT scores, demonstrating that pre-surgery measures of 

MPWT can be eliminated from future studies using this series of methods.   

2.3.2. Approach-Avoidance  

Results from the sham/saline group indicated that there was no preference 

between control conditions which effectively showed that there was no inherent bias in 

the measurement after stimulation was introduced. It also showed that there was no 

difference in the aversiveness of the control surgery and control injection. The high 

amount of time spent choosing to receive stimulation to obtain reward indicates the 

efficacy of hunger as a motivational drive in this MAAP.  

Having the presence of the hunger drive conferred an advantage because it 

presented a situation in which a difference in reward seeking across groups could be 

displayed. Previous research demonstrated that there was no statistical preference for 

inflammatory vs. neuropathic conditions in the mPEAP which was found in the 

SNL/carrageenan group tested using the MAAP as well. However, there was a trend 

toward suppression of lever pressing in this group which also appeared in the 

Sham/carrageenan group (indicated by time spent receiving no stimulation in Figure 2-3). 
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 When considering the results, there should be hesitation in equating preference 

for stimulation in one pain condition to the aversion of stimulation in another condition. 

The presence of an additional homeostatic disruption, hunger, can show that even when 

there is no direct preference between pain conditions, one may yield more suppression in 

reference to reward-seeking behavior.  

The suppression trends in the carrageenan groups are intriguing, especially 

because there was no statistical preference for stimulation in the neuropathic or 

carrageenan paws in the SNL/carrageenan group. Additional testing is needed to 

investigate suppression of lever pressing in the presence of carrageenan to determine if 

the condition itself is driving the suppression or if it is some artifact of generalization. If 

the suppression of reward seeking is due to the nature of the carrageenan condition, this 

would present an additional way to investigate how the functioning and behavioral 

repertoire differs between different conditions.  

 The lack of preference between the left and right bars in the Sham/carrageenan 

and SNL/saline groups is counter-intuitive, as it was expected that subjects would spent a 

majority of time pressing the lever which results in receiving stimulation in a control paw. 

This is a major limitation, because the premise of the design is that stimulation in the SNL 

and carrageenan paws is aversive.  It is difficult to make conclusions about the 

SNL/carrageenan group results when single pain groups do not avoid stimulation in 

painful paws. Generalization may have been occurring due to the close proximity of the 

levers, resulting in a lack of preference. Further model development was aimed at 

facilitating discrimination between the levers.  
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Chapter 3  

 Further Development 

As B. F. Skinner stated “generalization is not an activity of the organism, but it is 

simply a term which describes the fact that the control acquired by a stimulus is shared 

by other stimuli with other properties” (1965). Generalization has been studied in many 

contexts including during the well-known John Watson and Rosalie Raynor study, where 

Baby Albert was conditioned to fear white rabbits, and subsequently generalized his fear 

to many different white stimuli. Similarly, Pavlov’s research showed that dogs would 

exhibit the conditioned response to a stimulus similar to the conditioned stimulus (Till, 

2000).  

In a study with pigeons, Honig and Slivka found that when pigeons were 

administered electric shock in response to a middle spectrum stimulus and administered 

a positive reinforcement when responding to lower and higher spectrum stimuli reduced 

their overall rate of responding overall to all stimuli, indicative of a suppression of 

responding (1964). During the same study, a generalization gradient was established and 

when punishment was discontinued, the responding rates recovered (Honig & Slivka, 

1964). The suppression of reward seeking displayed by the carrageenan groups in the 

present method development study may be explained by a similar result of stimulus 

generalization. If subjects are unable to determine distinct outcomes resulting from the 

pressing of different levers, painful stimulation may lead to a spreading out of responses 

and ultimately, a suppression of responding. It may be unclear to the subject that there is 

an option to press a lever resulting in stimulation to a control paw to receive a reward.  

Generalization may be explained by psychophysical problems such as failing to 

make discrete associations due to issues presented by temporal and spatial 

presentations (Honig & Urcuioli, 1981). Because rodents are sensitive to spatial 
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information, the apparatus from the previous project will be adapted to separate the 

levers to opposite sides of the test chamber. It is critical for the efficacy of the paradigm 

that subjects show preference for stimulation in the control paws and further research is 

also warranted to determine if the suppression effect is caused by the carrageenan 

condition itself or by a generalization effect.  

3.1 Methods 

3.1.1 Subjects and Groups 

Twenty-eight male Sprague Dawley rats were obtained from the University of 

Texas at Arlington vivarium. There were 6 exclusions due to MPWT criteria, training 

biases, and testing complications. Animals were continually housed on a 12/12 hour 

light/dark cycle and were placed into single cages due to food deprivation. Subjects were 

given access to water ad libitum except for during behavioral testing and surgeries. The 

study had the approval of the Institutional Animal Care and Use Committee at the 

University of Texas at Arlington. The experiment was conducted in accordance with “The 

Ethical Guidelines for Investigations of Experimental Pain in Conscious Animals” 

(Zimmermann, 1983). Animals were randomly selected from the UTA vivarium and 

placed into two groups: carrageenan or saline.  

3.1.2. Modified Apparatus 

The apparatus was modified in such a way that generalization between the two 

levers could be prevented. To address the effect of proximity of the two levers, one lever 

was removed from its place next to the hopper and placed on the opposite side of the 

Operant box. An additional hopper was placed next to it so that each side of the box had 

one lever and one hopper, as shown in Figure 3-1. Constant lighting was provided on 

both sides of the box. There should be no inherent proclivity for one side or the other, and 
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the manipulations of the test chamber were meant to facilitate discrimination, but not 

preference. 

 

Figure 3-1 Modified MAAP Apparatus 

3.1.3. Procedures 

Procedures were similar to the previous project and are summarized in Table 

3-1. The pre-surgery MPWT was eliminated from the procedures in this project because 

the previous study indicated that there was no incidence of development of 

hypersensitivity during the training process. Filament forces ranged from 3.61 to 245.16 

mN (score for no response was 441.11).  Animals were trained to both single lever 
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trainings. Then they received dual lever trainings. Inclusion criteria were the same for 

trainings as previously described. After training criteria were achieved, subjects were 

injected with either carrageenan or saline in the right hind paw. There were two test days 

consisting of both MPWT and Operant tests. Programming code is available in Appendix 

A.  The Place Escape Avoidance Paradigm (PEAP) was also administered because 

comparing results of the MAAP test to a well-established paradigm is helpful in assessing 

the usefulness of the test.  Primer procedures were not necessary in this experiment due 

to testing beginning 24 hours post injection.  

Table 3-1 Procedures for Further Development 

Daily Procedure Inclusion Criteria 
Weigh/Feed Food Control No Training Until 85% weight 
Weigh/Feed Baseline MPWT Lack of sensitivity 
Weigh/Feed Magazine Training Must retrieve pellet from hopper 
Weigh/Feed Right Shape/Right Train 

(counterbalanced) 
80% time spent pressing 

Weigh/Feed Left Shape/Left Train 
(counterbalanced) 

80% time spent pressing 

Weigh/Feed Dual Train 
 

80% time spent pressing 
65% unbiased pressing 

Weigh/Feed Carrageenan or Saline Injection  
Weigh/Feed Test Day One MPWT MPWT criteria for groups 
 MAAP Test 

PEAP Test 
 

Weigh/Feed Test Day Two MPWT MPWT criteria for groups 
 MAAP Test 

PEAP Test 
 

 

3.1.4. Place Escape Avoidance Paradigm 

 PEAP testing occurred after placing subjects into a half light/half dark chamber 

(40.5 x 30.5 x 15.5 cm) atop raised wire mesh. During the 30 minute test, the plantar 

surfaces of the hind paws were stimulated every 15 seconds with a suprathreshold Von 

Frey filament (476mN of force). Specifically, stimulation was applied to the injected left 

hind paw while in the dark side of the chamber which is inherently preferable to rats. 

Stimulation was applied to the right/unaffected hind paw when in the light side of the 
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chamber. Subjects indicated unpleasantness of a condition by spending more time in the 

light side of the chamber. The wire mesh platform and chamber were cleaned between 

test subjects to minimize scent cues and subjects were randomly assigned to placement 

of the light side of the chamber on either the right or left side of the mesh. Subjects that 

did not cross over to both sides of the chamber during the first 5 minutes were excluded.  

3.2. Results 

SPSS software was used for statistical analysis. Based on MPWT inclusion 

criteria, for the first test day there were 10 in the saline group and 11 in the carrageenan 

group. On the second test day, there were 8 in the saline group and 7 in the carrageenan 

group. Due to the problem presented by analyzing data from dropouts from day 1 to day 

2 in repeated measures ANOVA, separate statistics were performed for subjects with 

data complete on baseline, day 1, and day 2 (carrageenan n=7 & saline n=8), and 

subjects with data for baseline and day 1 (carrageenan n=11 & saline n=10). Post hoc 

effects were not investigated when there was no interaction effect.  

3.2.1. MPWT Outcomes 

Mixed repeated measures ANOVAs were run with group as the between subjects 

variable and MPWT scores over time as the dependent variable for both left and right 

paw scores to assess the efficacy of the experiment conditions (SeeFigure 3-2). 

Analyses of subjects with data complete on both test days were performed first. 

Results for the left paw MPWT scores mixed repeated measures ANOVA indicated that 

there was a main effect for time F (2,26) = 53.21, p < .001, a significant main effect for 

condition, F (1,13) = 147.79, p < .001, and a significant interaction effect, F (2,26) = 

46.94, p < .001.  Simple effects revealed that for the saline group, there was no 

significant difference from baseline to test days (p > .05). However, test day 2 was lower 

than test day 1 (p = .03). Carrageenan animals were significantly more hypersensitive 
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(lower scores) at day 1 and 2 than at baseline, due to the efficacy of the condition (p < 

.001). Results for the right paw MPWT scores mixed repeated measures ANOVA 

indicated that  there was a main effect for time, F (2,26) = 4.84, p =.02, but no main effect 

of condition, F (1,13) = 4.23, p =.06, and no interaction effect, F (2,26) = .96, p =.40.  

Analyses of subjects with data complete for only day one revealed that for the left 

paw MPWT scores, there was a main effect for time (baseline, day one), F (1,19) = 

145.32, p < .001, a significant main effect for condition, F (1,19) = 199.80, p < .001, and a 

significant interaction effect, F (1,19) = 177.21, p < .001.  Simple effects revealed that for 

the saline group, there was no significant difference from baseline to test day 1 (p > .05). 

Carrageenan animals were significantly more hypersensitive (lower scores) at day 1 than 

at baseline, due to the efficacy of the condition (p < .001). Results for the right paw 

MPWT scores mixed repeated measures ANOVA indicated that  there was no main effect 

for time, F (1,19) = .00, p =.99, no main effect of condition, F (1,19) = 2.01, p =.17, and 

no interaction effect, F (1,19) = .00, p =.99. There was no change in score from baseline 

to the first test day. 



 

 

Figure 3-2

Significantly lower scores in experimental paws and higher scores in 

control paws indicates the efficacy of the conditions. 
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2 MPWT scores (±SEM): (a) Saline (b) Carrageenan

Significantly lower scores in experimental paws and higher scores in 

control paws indicates the efficacy of the conditions. 

arrageenan.  

Significantly lower scores in experimental paws and higher scores in  
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3.2.2. Escape-Avoidance Outcomes 

 For each of the test days, mixed repeated measures ANOVAs were run with 

group (saline or carrageenan) as the between subjects variable and preferences over 

time (PEAP scores) as the dependent variable. Previous research showed that 

experimental subjects spend increasingly more time in the light side of the chamber 

(LaBuda & Fuchs, 2000a). Therefore, data was presented in 5 minute time bins (see 

Figure 3-3).  

Results for day 1 revealed that there was no main effect for time F (5,95) = .43, p 

=.83, but a main effect for condition F (1,19) = 7.02, p =.02, and a significant interaction 

effect F (5,95) = 5.30, p <.001, (see Figure 3-3). Simple effects revealed that at the five 

and ten minute time bins, saline and carrageenan groups did not differ (p >.05). However, 

at the fifteen, twenty, twenty-five, and thirty minute time bins, the carrageenan group 

spent significantly more time in the light side of the chamber preferring stimulation in the t 

control paw than the saline group, (p <.05).  

Results for day 2 revealed that there was a main effect for time F (5,65) = 4.37, p 

=.002, no main effect for condition F (1,13) = .02, p =.88, and no significant interaction 

effect F (5,65) = .54, p =.74.



 

 

Figure 3-3 Escape-Avoidance Score

Time spent avoiding the dark side of the chamber. 
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Avoidance Scores (±SEM): (a) Day One, (b) Day Two

Time spent avoiding the dark side of the chamber. 

 

 

wo.  
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3.2.3. Approach-Avoidance Outcomes 

Means and standard errors for raw data are available in Table 3-2.  

Table 3-2 Mean Number of Stimulations Raw Data 

 Left Stimulations  Right Stimulations  No Stimulations  
 M SE  M SE  M SE  
Day One 
saline (n=10) 

 
29 

 
2.9 

  
25 

 
2.4 

  
3 

 
2.6 

 

carrageenan (n=11) 23.9 4  25.9 4  4 2.8  

 
Day Two 

         

saline (n=8) 33 2  23 3  1 1  
carrageenan (n=7) 20 5  31 7  6 6  

 

For each of the preference outcomes, mixed repeated measures ANOVAs were 

run with group as the between subjects variable and time as the dependent variable to 

assess how preferences changed over time (See figure  

Figure 3-4).  

Analyses of subjects with data complete on both test days were performed first. 

Results for left lever/stimulation indicated no main effect for time F (2,26) = .22, p =.81, 

no main effect for condition F (1,13) = 3.70, p =.08, and no significant interaction effect F 

(2,26) = 1.78, p =.19. Analysis of right lever/stimulation indicated no main effect for time F 

(2,26) = .12 p =.89, no main effect for condition F (1,13) = .86, p =.37, and no significant 

interaction effect F (2,26) = .40, p =.67. Results for none/no stimulation revealed no main 

effect for time F (2,26) = .55 p =.58, no main effect for condition F (1,13) = .30, p =.59, 

and no significant interaction effect F (2,26) = .55, p =.59. 

Analyses of subjects with data complete for only day one showed that for left 

lever/stimulation there was no main effect for time F (1,19) = .01, p =.90, no main effect 

for condition F (1,19) = .78, p =.39, and no significant interaction effect F (1,19) = .28, p 
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=.60. Analysis of right lever/stimulation indicated no main effect for time F (1,19) = .85 p 

=.37, no main effect for condition F (1,19) = .20, p =.66, and no significant interaction 

effect F (1,19) = .006, p =.94. Results for none/no stimulation revealed no main effect for 

time F (1,19) = 1.18 p =.29, no main effect for condition F (1,19) = .17, p =.69, and no 

significant interaction effect F (1,19) = .30, p =.59.



 

Figure 3-4 Approach

Percent time spent pressing left, right, or no levers as calculated by Number of 

outcome (Pressing Left, Right, None) / Number of Trials.
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Approach-Avoidance Preferences (±SEM): (a) Saline, (b)Carrageenan

Percent time spent pressing left, right, or no levers as calculated by Number of 

outcome (Pressing Left, Right, None) / Number of Trials.

 

arrageenan 

Percent time spent pressing left, right, or no levers as calculated by Number of 
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3.3. Discussion 

3.3.1. MPWT  

MPWT scores indicated that saline injections did not produce mechanical 

hypersensitivity and carrageenan injections introduced hypersensitivity, demonstrating 

the expected efficacy of the conditions. This effect was still present on the second test 

day. Right paw results demonstrated that there were no contralateral effects of the 

carrageenan that could lead to a lever bias. At the second test day, the saline group 

demonstrated a drop in threshold for the right paw. Although the result was significant, 

the mean was still high enough that there was no concern about the presence of 

hypersensitivity.  

3.3.2. Escape-Avoidance 

 PEAP results from the first test day were as expected, indicating that the 

carrageenan groups spent significantly more time in the light side of the chamber 

avoiding stimulation in the painful paw. This confirms that the carrageenan injection 

results in an unpleasant condition causing rodents that would normally prefer the dark 

side of the chamber to shift to a non-preferred light side of the chamber. Unexpectedly, 

that effect diminished on the second test day, although carrageenan subjects were still 

hypersensitive on the second day of MPWT testing.   

3.3.3. Approach-Avoidance 

 MAAP preferences on the first test day indicated that there was no preference 

between the left and right levers in the carrageenan condition. Similar to the previously 

conducted experiment, this result is counterintuitive because carrageenan subjects had 

the choice to receive stimulation in a non-painful paw to receive their reward.  By the 

second test day, carrageenan subjects spent more time receiving stimulation in the 

unaffected paw, although the result was not significantly different. The suppression effect 
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that was seen in the first experiment was not shown in this project, indicating that 

carrageenan alone does not explain the suppression of responding.   
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Chapter 4  

General Discussion 

The purpose of this line of research was to develop a new measure for pain 

motivated behaviors in preclinical rodent models of pain. The Multichoice Approach-

Avoidance Paradigm may be useful for investigating multiple aspects of preclinical pain 

affect in laboratory rodents.   

4.1. Comparison of PEAP and MAAP 

During development of the paradigm, it was of interest to compare the MAAP to a 

previously validated measurement, the PEAP. Both paradigms present the ability to 

indicate aversiveness of a condition, yet the two paradigms utilize distinct behavioral 

outcome measures. During the PEAP test experimental subjects are expected to escape 

stimulation in a painful paw while avoiding an environment they prefer (LaBuda & Fuchs, 

2000a). During the MAAP test experimental subjects are expected to approach 

stimulation in a painful paw because they are seeking food pellet reward.  

After the levers were separated to opposite sides of the test chamber, MAAP 

results for the first day revealed that carrageenan subjects still did not prefer stimulation 

in the control paw to obtain reward, which was not expected. However, during the PEAP 

this group spent increasingly more time in the light side of the test chamber receiving 

stimulation in the control paw, which was in line with previous findings (LaBuda & Fuchs, 

2000a). Results from the first day of testing in the different paradigms revealed different 

behavioral responses to stimulation.  

During the second day of MAAP testing, experimental subjects spent more time 

receiving stimulation in a control paw to obtain reward than on the first day. In contrast, 

the PEAP effect diminished during the second day of testing. Multiple projects currently 

being conducted in the lab have consistently replicated the diminished PEAP light side 
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shift on subsequent days of repeated testing. Current research is investigating changes 

in hypersensitivity reflecting different time points in the development of experimental pain 

conditions as an explanation of the diminished PEAP effect, although the relationship 

appears to be weak. Future research is aimed at investigating underlying neural 

mechanisms for the diminished behavioral effect.   

Previous research investigating the PEAP indicated that the method engages the 

anterior cingulate cortex, which has been related to pain affect in humans,  further 

validating its role as a pain affect measure in rodents (LaGraize et al., 2004; Uhelski et 

al., 2012a). It would be critical to determine which mechanisms are engaged during 

approach-avoidance testing in the operant chamber. Due to a paucity of research utilizing 

approach-avoidance in clinical and preclinical pain affect measures, it is unclear if it 

activates neural mechanisms and processes similar to those activated during PEAP 

testing. But differential results of the PEAP and MAAP outcomes imply that the 

paradigms may engage different mechanisms. Perhaps behavioral changes across test 

days in the MAAP may be related to learning and conditioning related to stimulation. After 

all, lever training must occur prior to testing, and during the test an association must be 

created between separate levers and distinct stimulation outcomes. The PEAP measures 

an innate behavior due to utilization of the natural rodent preference for dark areas 

(LaBuda & Fuchs, 2000a).  

4.2. Learning and Memory 

Moving the levers to separate chamber walls did not result in a significant 

preference for the lever associated with stimulation in the unaffected paw. Future 

research will investigate the addition of auditory stimuli and modified spatial parameters 

to facilitate earlier discrimination between lever outcomes.  As there was an emerging 

trend on the second test day for preference for the lever associated with stimulation in the 
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unaffected paw, it could be postulated that administering further test days could result in 

a more robust preference. Therefore, it may be useful to explore learning and memory 

over time. Adding an additional test day to the methods of the second development 

project provided the advantage of determining how subjects initially respond to the test 

parameters, and how they respond during a subsequent session, conferring some 

information about short-term learning in the presence of an inflammation condition. The 

MAAP provides an opportunity to measure how rodents adapt to their environment by 

changing their behaviors over time when a pain condition is present. 

4.3. Suppression of Reward Seeking 

Generalization research has demonstrated that suppression of responding  

occurs when there is a lack of clarity about behavioral outcomes (Honig & Slivka, 1964). 

During MAAP testing, the generalization effect between levers was at the highest point in 

the first experiment, indicated by lack of lever preference and a suppression of 

responding in carrageenan groups. If subjects were unable to determine which behaviors 

led to painful stimulation, it is intuitive that suppression of responding would occur. 

However, when discrimination was improved in the subsequent experiment due to 

separation of the levers, the suppression effect diminished. Perhaps separating the 

levers yielded more clarity about distinct lever outcomes, and discouraged suppression of 

responding. It can also be concluded that carrageenan alone does not explain the 

suppression of responding during the first experiment using the measure; although it 

appeared to be slightly more sensitive to suppression caused by generalization than the 

neuropathic pain condition.  

 These measured changes in motivated behavior related to pain conditions 

highlight the ability of MAAP testing in assessing the appraisal made by the subject 

related to reward outcomes and pain consequences. Suppression of reward seeking in 
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operant chamber testing indicates a qualitative change in behavior that escape-

avoidance paradigms do not measure.  

In order to harness the suppression effect as a measure in future testing, a single 

lever paradigm will be created, in which pressing one lever will result in stimulation of a 

single painful paw. Subjects will have the choice to obtain reward while receiving 

stimulation in a painful paw, or forgo stimulation and not receive a reward. This will 

measure suppression of reward seeking using methods designed to eliminate the risk of 

generalization that occurs in two-lever paradigms. Rates of suppression across 

experimental conditions can also be assessed using this method. This is not unlike the 

previously described use of operant chamber testing after administration of formalin 

where suppression of lever responses was used as an indicator of the intensity of 

spontaneous pain (LaGraize et al., 2004).   

4.4. Significance 

The Multichoice Approach-Avoidance Paradigm presents the opportunity to 

investigate preclinical pain affect in rodents in novel ways that include but are not limited 

to: expanding knowledge of learning and memory and measuring suppression of reward 

seeking due to evoked pain.  More research is needed to validate variations of the model 

through determining the underlying neural correlates. During model development, other 

contributions such as effects of age and sex should also be considered. The novelty of 

the paradigm creates an exciting research pathway for development of parameters and 

refinement of techniques.  

The broader significance of this paradigm development lies the expansion of 

research conducted in an effort to continue exploring pain as a multidimensional 

interaction of sensory, affective, and evaluative components (Melzack & Casey, 1968) 

which also places organisms in conflict with their homeostatic drives (Craig, 2003). 



 

41 

Unfortunately, organisms may not be able to avoid pain, and must make difficult 

evaluative decisions in order to address other homeostatic dysregulations while incurring 

as little pain as possible. Further investigation of this fundamental dilemma is crucial for 

understanding the problem of pain.  
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Appendix A 

Med PC Notation for Operant Testing
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\ INPUTS 
^LeftLever = 7 
^RightLever = 6 
\ OUTPUTS 
^Dispenser  = 8 
^LeftLight = 10 
^RightLight  = 9 
^HouseLight = 12 
^HOUSELIGHTTWO= 3 
^DISPENSERTWO= 2 
\ DEFINED VARIABLES 
\  A = NUMBER OF RESPONSES 
\  B = NUMBER OF REWARDS 
 
S.S.1, 
S1, 
  #START: ON ^HouseLight, ^HOUSELIGHTTWO ---> S2  
   
S2, 
  30": ON ^RightLight, ^LeftLight, ^RightLever, ^LeftLever ---> S3 
 
S3,  
  1#R^RightLever: ON ^Dispenser; Z1 ---> S2 
  1#R^LeftLever: ON ^DISPENSERTWO; Z1 ---> S2 
  10":           Z1 ---> S2 
 
S.S.2,     \ RESPONSE COUNT AND DISPLAY 
S1,  
  #START: SHOW 1, RIGHTLEVER,R ---> S2 
  #START: SHOW 2, LEFTLEVER,L ---> S2 
 
S2, 
  #R^RIGHTLEVER: ADD R; SHOW 1,RIGHTLEVER,R ---> SX 
#R^LEFTLEVER: ADD L; SHOW 2,LEFTLEVER,L ---> SX 
 
S.S.3,     \ REWARD COUNTER AND TIMER 
S1,  
  #Z1: ADD B; SHOW 3,DISPENSER,B ---> S2 
 
S2,  
  0.05": OFF ^Dispenser, ^DISPENSERTWO, ^RightLight, ^LeftLight, ^RightLever, 
^LeftLever---> S1 
 
S.S.4,     \ SESSION TIMER 
S1,  
  #START: ---> S2 
 
S2,  
  30': ---> STOPABORTFLUSH  
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