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Abstract

Rewards influence responses to acute painful stimuli, but the relationship of chronic pain to
hedonic or motivational aspects of reward is not well understood. Here, we independently
evaluated hedonic qualities of sweet or bitter tastants as well as motivation to seek food reward in
rats with experimental neuropathic pain induced by L5/6 spinal nerve ligation (SNL). Hedonic
response was measured by implantation of intraoral catheters to allow passive delivery of liquid
solutions and “liking/disliking” responses were scored according to a facial reactivity scale. SNL
rats did not differ from controls in either “liking” or “disliking” reactions to intraoral sucrose or
quinine, respectively, at post-surgery day 21, suggesting no differences in perceived hedonic value
of sweet or bitter tastants. To assess possible motivational deficits during acute and chronic pain,
we employed fixed- and progressive-ratio response paradigms of sucrose pellet presentation in rats
with transient inflammatory or chronic neuropathic pain. Assessment of response acquisition and
break points under the progressive ratio schedule revealed no differences between sham and SNL
rats for up to 120 days post-injury. However, rats with inflammation showed decrements in lever
pressing and break points on post-CFA days 1 and 2 that normalized by day 4, consistent with
transient ongoing pain. Thus, while acute, ongoing inflammatory pain may transiently reduce
reward motivation, we did not detect influences of chronic neuropathic pain on hedonic or
motivational responses to food rewards. Adaptations that allow normal reward responding to food
regardless of chronic pain may be of evolutionary benefit to promote survival.
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Introduction

Competing motivations including those induced by rewards such as palatable food can alter
the experience of pain, allowing for optimal behavioral decisions that maximize benefit to
the organism [17; 37]. As predicted by the motivation-decision model [16], a decreased pain
response to a nociceptive stimulus is observed in the setting of available rewards [22].
Conversely, acute painful stimuli could diminish the value of rewards [3]. However, the
relationship between reward value and chronic pain is not well understood.

Reward is a complex psychophysical construct comprised of multiple domains. Berridge and
colleagues have dissociated hedonic pleasure (i.e., “liking”) both mechanistically and
anatomically from reward-associated motivation (i.e., “wanting”) [10]. Motivational
qualities of rewards are thought to be mediated by dopaminergic transmission in mesolimbic
pathways while hedonic qualities are likely to be associated with the release of endogenous
opioids in brain regions including the orbitofrontal cortex, the anterior cingulate cortex, the
amygdala and the nucleus accumbens (NAc) [5-7; 35]. These reward-associated areas also
show significant overlap with brain circuits important for pain and the reward of pain relief
[3; 22; 28], providing a neural basis for interaction between pain and reward. Recent
questionnaire-based studies in patients with chronic pain reported reduced reward
responsiveness [14] and higher anhedonia scores in a subset of patients with breakthrough
pain [27]; however, the potential influence of pain medications on these outcomes makes
interpretation difficult. Whether there is a direct causal link between chronic pain and
hedonic or motivational deficits remains unclear.

Experimental inflammatory or neuropathic pain can diminish some forms of reward in
rodents including that resulting from intracranial self-stimulation or from morphine [21; 30;
32]. However, pain-induced alterations in responses to natural food rewards, including
sucrose preference, have been variable, with some studies reporting decreased sucrose
consumption [1; 23; 24; 42; 46; 49] or no change [39; 48]. Although no deficits were
observed in sucrose preference in mice with either sciatic nerve injury-induced neuropathic
pain or CFA-induced inflammation, decreased motivation for food reward using operant
responding has been observed [39]. Whether hedonic responses to food rewards may be
suppressed by pain has not been investigated preclinically. In the present study, we
independently assessed possible effects of neuropathic pain on hedonic and motivational
responses to food rewards using a facial reactivity score following passive oral delivery of
tastants and single lever progressive ratio operant responding. To our knowledge this is the
first use of the taste reactivity paradigm to assess the effects of aversive states on hedonic
impact independently of motivation or incentive salience.

2. Materials and Methods

2.1 Animals

Male, Sprague Dawley (Harlan Laboratories Inc., Indianapolis, IN, USA) rats weighing

250-350 g were housed in climate-controlled rooms on a 12 h light/dark cycle with food and
water provided ad /ibitum. All animal procedures were approved by the Institutional Animal
Care and Use Committee (IACUC) of the University of Arizona or the IACUC committee at
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Eli Lilly and were in accordance with the National Institute of Health and the International
Association for the Study of Pain. Animals were monitored throughout the duration of the
study to reduce any unnecessary stress and/or pain.

2.2 Surgical Procedures

2.2.1 Intraoral catheter implantation—RBilateral intraoral catheters were implanted for
taste reactivity as previously described [36]. Catheters were constructed using a 4-inch
length of PE100 tubing, with the distal end of the PE tubing flared using a cautery device
(Bovie Medical Corporation). A 6 mm plastic washer with a 3 mm hole in its center was
threaded on to the tubing and placed against the flared end. The hub of a 14 mm 20-gauge
steel needle was removed and the needle was connected to the opposing end of the tubing.
Rats were anesthetized by intraperitoneal (i.p.) administration of ketamine/xylazine (80/12
mg/kg; Western Medical Supply/Sigma) and placed in a stereotaxic holder (Stoelting). The
skull was exposed and four screws were placed adjacent to one another on either side of the
interaural line to anchor the intraoral catheter. The needle end of the catheter was inserted in
front of the first molar into the soft flesh where the skin and jaw connect. The needle was
then used to guide the catheter underneath the skin anterior to the zygomatic arch and
extruded up to the exposed skull. The tubing was pulled flush against the cheek bone, then
trimmed to leave 10 mm of tubing visible. The steel tubing of the needle was bent at 90
degrees to form an “L” shape and cemented to the skull using dental cement leaving the
open end of the steel tubing available through the acrylic. To prevent debris and particulates
from accruing in the catheter, a 5 mm section of PE 100 tubing, heat sealed at one end, was
fitted over the exposed end of the steel tubing. Immediately following catheter implantation
rats underwent spinal nerve ligation (SNL) or sham surgery.

2.2.2 Catheter Maintenance—On post-surgery day 7 and 14 rats were anesthetized with
isoflurane (2% mixed with oxygen; 2 I/min). Once the animal was deeply anesthetized, the
position of the intraoral catheter was checked by lightly pressing a spatula on the tongue and
pressing the bottom jaw open. If the catheter was positioned properly then the rats received
an intraoral injection of 0.5 ml of water to keep the catheter patent and to verify that the
injection was resulting in fluid entering the mouth.

2.2.3 Spinal Nerve Ligation (SNL)—The L5/L6 surgical procedure was used to produce
experimental neuropathic pain as previously described by Kim and Chung [20]. For the taste
reactivity experiments (Fig. 1 and 2), rats were anesthetized with 2% isoflurane oxygen
mixture and the lumbar vertebrae exposed. The L5 and L6 spinal nerves were tightly ligated
with 4-0O silk suture and the wound closed. Sham-operated rats were prepared in the same
manner as the SNL rats but without ligation of the L5/L6 spinal nerves. For the operant
experiments (Fig. 3 and 4), the SNL and sham animals were purchased from Charles River
Laboratories; animals were acclimated in the housing facility for a minimum of 7 days prior
to experimentation. All rats were monitored for any signs of motor impairments and
assessed for overall health.
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2.3 Tasting Substances

Sucrose (1%; Sigma) or quinine hydrochloride (0.3 mM; Tocris) were dissolved in water to
the final concentration and administered via intraoral catheters. Dustless Precision Pellets
(Bioserv, 45 mg) were used for the operant experiments.

2.2.4 Complete Freund’s Adjuvant (CFA)—Rats were briefly anesthetized with
isoflurane and received an intraplantar injection of complete Freund’s adjuvant (CFA; 100
ul, s.c., EMD Millipore, Temecula, CA, USA) into the left hindpaw. Control rats received an
equivolume saline injection. Rats were tested 1, 2, 3, and 4 days following injection.

2.4 Behavioral Testing

2.4.1 Von Frey Testing—~Rats were placed in suspended chambers with wire mesh
bottoms for 30 min to habituate prior to testing. A series of calibrated von Frey filaments
were applied perpendicular to the plantar surface of the ipsilateral hindpaw until the filament
buckled. The up-down method was used to determine the 50% withdrawal threshold with the
Dixon nonparametric test as described previously [11].

2.4.2 Taste Reactivity

2.4.2.1 Apparatus: A multi-chamber acrylic glass apparatus (4.5 x 6.5 x 5.5 inches per
chamber) with a removable cover with breathing holes was used for this study. Behavior was
recorded by a Sony digital camera pointed at a mirror positioned 2 inches directly
underneath the apparatus.

2.4.2.2 Habituation to Intraoral Injection: On days 19 and 20 post-intraoral
catheterization and SNL (or sham) surgery, rats were placed into the apparatus and allowed
to habituate for 15 minutes. Following the acclimation period, PE100 tubing (24 inches) was
connected to the end of the anchored intracranial steel tubing and threaded through one of
the breathing holes. A 20-gauge needle attached to a 3 ml syringe was filled with water and
connected to the tubing followed by filling the tubing with 354 pl of water (354 pl is
required to fill 24 inches of PE100 tubing with an inner diameter of 0.86 mm). Afterwards, 1
ml of water was injected into the oral cavity of the rat. Injection of 1 ml into the rat’s mouth
occurred over a 1 min time course (rate of 17 pl/s).

2.4.2.3 Testing: Testing for taste reactivity to sweet and bitter substances occurred on day 21
post-intraoral catheterization. As during the conditioning period, rats were placed into a
multi-chamber apparatus and allowed to habituate for 15 minutes. PE100 tubing (24-inches)
was connected to the steel tubing, and a 3-ml syringe was attached to the opposite end of the
PE 100 tubing via a 20-gauge needle. Different PE100 tubing and a 3-ml syringe were used
for different tastants to avoid mixing of solutions. Rats were then injected intraorally for one
minute in the following sequence: sucrose (1%), water, and quinine (0.3 mM), with 1 ml
flush with water immediately following each intraoral injection and 15 min separation in
between injections. The dead volume of the intraoral catheter is approximately 15 pl, thus
results in dilution of the final tastant concentration with water by about 1.5%. The doses of
sucrose and quinine were selected because they elicit a moderate number of “liking” and
“disliking” reactions [34]. During each 60-second injection the rats’ responses were video

Pain. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Okun et al.

Page 5

recorded. The 60 s segments of the video were cut by a different investigator prior to scoring
of facial reactions to insure blinding. Rats were allowed to move freely throughout the
duration of the experiment.

2.4.2.4 Taste Reactivity Scoring: Hedonic, neutral, and aversive reactions to intraorally
administered substances were scored by a trained observer (AO) who was blinded to the
experimental conditions in accordance with previously published rating scales [4]. The
speed of the video footage capturing the facial and body responses of the rats was reduced to
1/10t actual speed to allow for accurate scoring. Hedonic, or “liking,” responses included
rhythmic midline tongue protrusions, lateral tongue protrusions, and paw licks. Unpleasant,
or “aversive,” responses included head shakes, gapes, face washes, forelimb flails, and chin
rubs. Neutral responses included passive dripping of solution out of the mouth, ordinary
grooming, and rhythmic mouth movements (representative examples of “liking” and
“aversive” reactions are shown in Fig. 2).

A time bin scoring procedure was used so that taste reactivity components with distinct
frequencies and durations were balanced in their contributions to the final affective hedonic
or aversive total scores [4]. Tongue protrusions, gapes, chin rubs, forelimb flails, and head
shakes typically occur as individual events and were therefore scored with 1 point each time
that they occurred. Paw licks, rhythmic mouth movements, passive dripping of solution, and
face washes typically occur for longer durations, and were scored as follows: 1 point if they
occurred between 0-5 seconds, 2 points if they occurred between 5-10 seconds, and an
additional point for each successive 5-second time frame.

2.4.3 Operant Responding

Neuropathic pain study: On day 16 post-surgery, food deprivation was implemented and
rats received 85-90% of their normal free-feed (10-15 grams); the amount of food delivered
was determined on a sliding scale based upon established need for animals of different
weights as directed by veterinary guidelines. Food was given immediately following operant
sessions after rats were returned to their home cages. The operant experiments consisted of a
fixed-ratio (FR) training (acquisition) phase and a progressive-ratio (PR) testing phase (the
experimental time-line is shown in Fig. 3G). On post-operative days 21-23 the rats were
placed in 2-lever operant responding chambers (Med Associates, VT) and underwent
training for 90 minutes. One lever was inactive during this period and the other lever
delivered 1 sucrose pellet for each lever press (i.e., FR1 schedule). The active lever was
counterbalanced such that half of the rats in each group had the active lever on the right side
and the other half had it on the left side. The maximal number of pellets delivered in a single
session was 50. On post-operative day 24, rats were again allowed to lever press for food,;
however, the session length was decreased to 30 minutes. Rats that did not complete the task
(did not acquire 50 pellets) were excluded from the experiment (occurred in <5% of rats; no
difference in the number of eliminated rats was observed between groups). Progressive ratio
testing began on post-operative day 25 with the reinforcement schedule set such that the
number of lever presses required to receive a pellet increased as each ratio (each pellet
delivery) was completed. The initial progressive ratio schedule 1 (PR1) was as follows:
(1,1,1,2,2,2,4,6,8,10,12,15,20,25,30,35,40,45,50,55,60,65,70,75,80). At the highest ratio,
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rats had to press the lever 80 times to obtain a food reward. Two operant sessions were given
under these conditions, then food restriction was removed and rats received an additional
operant session using the PR1 reinforcement schedule. On day 28, the reinforcement
schedule was made more challenging by increasing the ratios more rapidly. The progressive
ratio schedule 2 (PR2) for day 28 was as follows: (1,2,4,8,16,32,64). Rats were tested on day
90 and day 120 post-surgery using the PR1 schedule.

Assessment of extinction: Extinction was assessed in a separate group of rats. On day 16
post SNL or sham surgery, the same food deprivation protocol as in the progressive ratio
experiment was implemented and on day 21, rats received the same acquisition training for
the first 4 sessions. Then the reinforcement frequency was changed to an FR4 schedule, (i.e.,
rats received a pellet only once for every 4 presses). Following 4 days of FR4 training, an
extinction paradigm (lever does not administer pellets at all) was assessed on 6 consecutive
days (sessions). Rats were food-restricted as described above for every session during this
experiment.

CFA study: Five days prior to beginning training, animals received food restriction to 85—
90% of their free-feed based on body weight (10-15 g) (the experimental time-line is shown
in Fig. 4D). Then the rats were trained to lever press for food using fixed ratio 1 schedule
(FR1) as described above. On the 4™ day of FR1 training the session length was decreased
to 30 minutes. Rats that did not complete the task (did not receive 50 pellets) were excluded
from the experiment (occurred in <5% of rats). Free access to food was then made available
for the rest of the experiment. The next two consecutive days, the rats underwent pre-CFA
baseline progressive ratio (PR1) testing. After the second baseline test the rats received
intraplantar injection of CFA or saline (day 0). The rats underwent the same PR1 progressive
ratio testing on post-CFA days 1, 2, 3, and 4.

2.5 Statistical Analysis

3. Results

All statistical analyses were conducted with GraphPad Prism 6. Evoked tactile
hypersensitivity was analyzed using two-way ANOVA with Sidak’s multiple comparisons
post-hoc test. Taste reactivity scores and operant experiments containing 3 groups were
analyzed using the two-way ANOVA. Operant experiments containing 2 groups were
analyzed using 2-tailed unpaired T tests. Significance was set at p<0.05 for all tests.

3.1 von-Frey and Body Weight in animals with neuropathic injury

SNL significantly decreased withdrawal threshold on the ipsilateral hindlimb at days 2—-21
post SNL compared to sham operated rats, confirming the development of chronic
neuropathic pain (Fig. 1A, *p<0.05). Intraoral catheters did not alter body weight at any
time point suggesting that this procedure did not interfere with the ability of rats to consume
food (Fig. 1B).
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3.2 Taste Reactivity

To investigate if the presence of chronic neuropathic pain influences hedonic food responses,
facial responses to sweet (1% sucrose), neutral (water), or bitter (0.3 mM quinine) tastants
were assessed. The number of “liking” reactions in response to intraoral administration of
sucrose, water, or quinine was not significantly different between SNL and sham rats (Fig.
2A). As expected, the number of “liking” reactions was significantly different for the
different tastants (interaction: p=0.942, F(2,75)=0.06; tastant: p=0.0002, F(2,75)=9.73;
group: p=0.872, F(1,75)=0.026; two-way ANOVA). SNL did not alter the number of
“neutral” reactions compared to sham rats in response to intraoral administration of 1%
sucrose, water, or 0.3 mM quinine (Fig. 2B); however, the effect of tastants was significantly
different (interaction: p=0.097, F(2,75)=2.41; tastant: p=0.033, F(2,75)=3.56; group:
p=0.896, F(1,75)=0.017; two-way ANOVA). Additionally, SNL rats did not show a
significant difference in the number of “aversive” reactions in response to intraoral
administration of 1% sucrose, water, or 0.3 mM quinine (Fig. 2C). Different tastants had
significantly different effect on the number of “aversive” reactions (interaction: p=0.851,
F(2,75)=0.162; tastant: p=0.038, F(2,75)=3.41; group: p=0.583, F(1,75)=0.304; two-way
ANOVA). Collectively, no changes in passive “liking” or “disliking” responses to sweet or
bitter tastes were observed at 21 days after SNL injury.

3.3 Operant Lever Pressing Acquisition, Progressive Ratio, Extinction

Next, we investigated if chronic pain may influence motivation to obtain food using operant
lever pressing tests. All SNL, sham, and naive rats increased lever pressing for sucrose
pellets during the FR1 acquisition task; however, no significant differences were observed
between the groups in total number of sucrose pellets received (Fig. 3A, interaction:
p=0.288, F(6,160)=1.24; time: p<0.0001, F(3,160)=33.93; group: p=0.251, F(2,160)=1.39).
Rats were then tested on two different progressive ratio schedules, PR1 and PR2 (Fig. 3B)
with or without food restriction (see the time line in Fig. 3G). No significant differences
were observed between SNL, sham, and naive rats in total number of sucrose pellets
received on any of the days that were tested up to 4 months after injury (Fig. 3C, interaction:
p=0.877, F(5,174)=0.359; time: p<0.0001, F(5,174)=131.2; group: p=0.224, F(1,174)=1.49).
The break points (the number of lever presses for the last completed ratio) for the SNL,
sham, and naive groups were also not significantly different (Fig. 3D, interaction: p=0.861,
F(5,174)=0.382; time: p<0.0001, F(5,174)=38.76; group: p=0.153, F(1,174)=2.06). Tactile
hypersensitivity was present throughout the experiment in rats with SNL injury (Fig. 3E). In
a separate cohort of rats, the number of lever presses during extinction trials was assessed.
SNL and sham rats decreased lever pressing over time, but no significant differences
between SNL and sham-operated rats were observed (Fig. 3F, interaction: p=0.734,
F(5,174)=0.556; time: p<0.0001, F(5,174)=119.1; group: p=0.460, F(1,174)=0.548).

Operant responding of rats with chronic neuropathic pain was compared to rats with
transient inflammatory pain using an equivalent progressive ratio scheme (Fig. 4D). In
contrast to SNL rats, CFA treated rats showed differential effects on the number of pellets
earned (Fig. 4A, interaction: p=0.042, F(3,88)=2.858). On post-CFA day 1, CFA treated rats
earned significantly fewer pellets (Fig. 4A, p=0.0317) and showed suppressed break points
(Fig. 4B, p=0.0324) compared to saline-treated animals. By post-CFA days 3 and 4,
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however, injured rats earned a similar number of pellets and exhibited similar break points as
their saline-treated controls (Fig. 4A, and 4B). CFA elicited significantly decreased
withdrawal thresholds at all time points (Fig. 4C, *p<0.0001).

4. Discussion

This study assessed independently the impact of neuropathic pain on hedonic and
motivational responses to food rewards. Using a facial reactivity scale, we showed that the
number of “liking” and “disliking” responses to sweet or bitter tastants was not altered in
rats with spinal nerve ligation, suggesting no effect of chronic neuropathic pain on hedonic
value. Using a progressive ratio response paradigm to obtain sucrose pellets, we
demonstrated no deficit in motivation to obtain a reward up to 4 months post-SNL. In
contrast, rats with inflammatory pain showed significant but transient reductions in
motivation at times that likely reflect the presence of ongoing pain. These data suggest
differential effects of acute inflammatory and chronic neuropathic pain on motivation to
obtain food reward.

The impact of chronic pain can be understood within the context of the biopsychosocial
model as a disorder comprised not only of biological influences, but also of psychological
and social factors that interact to promote disease and illness [15]. Multiple biological
factors might contribute to suffering including neural adaptations in reward circuits [2; 41]
that could suppress the value of appetitive rewards, alter reward motivation, or both.
However, these factors are rarely evaluated independently. Data demonstrating hedonic or
motivational deficits in chronic pain patients are scarce. Moreover, because of large
variability among patient populations and because of the powerful effects of analgesic drugs
on brain circuits, comprehensive evaluations of the effects of pain on reward deficits in
humans are difficult and the outcomes of these investigations have been indecisive. For
example, in patients with trigeminal neuralgia, myofacial pain dysfunction syndrome, and
temporomandibular joint arthritis, multiple clinical variables were found to correlate with
depression, but not with anhedonia [25]. Patients with chronic low back pain (CLBP) did not
show altered ratings of pleasure or aversion to sweet, salty, or bitter tastants [43]. One study
in CLBP patients found no change in response to sweet solutions but detected a significant
decrease in pleasure from high fat pudding [18]. Completion of goal-oriented tasks and the
desire to participate in activities were diminished in patients with neuropathic pain,
suggesting possible deficits in motivation, but contributions of pain-related decreased
physical mobility could not be ruled out [26; 29].

Several animal studies addressed potential reward deficits in pain under controlled
experimental conditions; however, no studies directly investigated the effect of pain on
hedonic quality of food reward. Berridge and colleagues have developed and validated a
facial reactivity scale to assess hedonic liking in rodents independently of motivation [4; 8].
Research with human infants, monkeys, and rats show that the facial reactions to diverse
tasting stimuli are conserved across mammalian species and reflect hedonic impact rather
than changes in sensation or reflexes [4; 9; 44]. We used the facial reactivity scale to assess
the number of “liking” reactions in response to intraoral sucrose solution and found no
difference between SNL and sham rats, suggesting that neuropathic pain does not affect the
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hedonic component of reward, i.e., does not produce anhedonia. Furthermore, we saw no
differences in the number of “disliking” reactions to 0.3 mM quinine. Thus, under the
conditions of this study, SNL does not alter the affective spectrum in response to sweet or
bitter taste. We note the possibility that variability of the responses observed could prevent
detection of subtle changes in hedonic response. These results are consistent with data
demonstrating that patients with chronic pain report the same degree of pleasure as healthy
controls in response to consumption of a sweet solution [18; 43].

A recent study used an operant responding paradigm to investigate potential motivational
deficits in mice with inflammatory (CFA) or neuropathic (SNI) pain [39]. A motivational
deficit was demonstrated only when the animals were required to exert more effort to earn a
food pellet (i.e., when the task was increased from an FR1 to an FR6 schedule) [39]. We
evaluated the impact of SNL with a FR1 as well as two different progressive ratio schedules
(PR1 and PR2, see Methods) and extended the observation time period up to 4 months
following SNL. We did not detect any differences in food responding in SNL, sham, and
naive rats even at these prolonged time points. The reasons for the differences observed
between these studies may be related to animal species (mice vs. rats) or different operant
procedures (FR6 vs. PR reinforcement schedules or nose poke vs. lever press). Also
noteworthy is that Schwartz and colleagues trained mice to acquire food pellets before pain
induction, while our study started training at day 21 post-surgery. We also investigated
whether food restriction may influence motivation to lever press for sucrose pellets. We saw
a significant reduction in break points for all groups on day 27 when the rats had free access
to food compared with day 26 when their food was restricted. However, there was no
difference between the groups. It should be noted that changing learning conditions in later
stages of training may not reveal motivational deficits under the new conditions, because
lever pressing may have already gained a habitual component which is less susceptible to
reward devaluation [45]. Schwartz and colleagues used food-restricted mice throughout the
experiment [39].

In contrast to SNL-induced chronic pain, a small, but significant, decrease in lever pressing
was observed in CFA-treated animals on day 1 post injury, confirming that the assay and
conditions that we used are sufficiently sensitive to capture possible treatment-induced
differences. Our data showed that the CFA-induced decrease in motivational response to
food is transient and recovers at 3—4 days post-injury. Based on our previous report, CFA
produces long-lasting evoked hypersensitivity, but ongoing pain, assessed by motivation to
seek a context associated with pain relief, could only be demonstrated at day 1, but not day
4, following CFA [31]. The transient nature of ongoing pain found in animals is consistent
with the presence of throbbing pain that persists for about 30 h after accidental injection of
CFA in a human, in spite of much longer evoked hypersensitivity [19]. Thus, the diminished
motivation to work for food pellets correlated temporally with the presence of ongoing pain,
but not evoked hypersensitivity. In contrast, the previous study found significant difference
in rewards earned in mice 7-21 days post CFA [39]. This discrepancy could reflect species
or experimental differences.

Notably, SNL-induced ongoing pain has been demonstrated in our laboratory for time
periods up to 60 days [47]. While ongoing pain was likely present in the SNL rats that were
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studied, this could not be verified in these rats. We found no differences between SNL and
sham-operated groups in food responses up to 120 days post-surgery. Reasons for the
differences between CFA and SNL rats could include the relative intensity of ongoing pain
in these two models or possible compensatory adaptations occurring at later time points
following neuropathic pain that result in normalization of reward responding. According to
the motivation-decision model [16], pain demands motivational responses to be transiently
directed toward healing and protection of the injured site from further damage. In chronic
pain however, adaptations that allow normal reward responding are evolutionarily beneficial
as continuing diversion from food consumption jeopardizes survival. It remains to be seen
whether differences between SNL and sham-operated rats would be observed at the early,
acute stage of pain induction.

Notably, no differences were observed in animals with neuropathic pain in extinction from
operant responding for food pellets. Operant extinction responding may occur as a result of
multiple mechanisms including the formation of new memories (new learning) and re-
learning that overcome established reinforced behaviors [12]. Chronic pain itself involves
learning (memory traces of pain) [38] and may be associated with neural adaptations in the
brain regions important for cognitive functions, memory and decision-making [33]. Due to
the overlap between neural circuitry of pain and reward, chronic pain could interfere with
food reward learning, including the acquisition, consolidation, maintenance, or extinction of
reward seeking. Our findings suggest that ongoing neuropathic pain does not impair the
ability of animals to acquire or extinguish food reward memories.

In summary, we used multiple approaches to investigate the influence of experimental
chronic neuropathic pain on food-mediated reward responding including independent
evaluation of hedonic response to passive delivery of sweet or bitter solution and
motivational drive to food reward. We were not able to identify differences in either
parameter in SNL animals. In contrast, we found motivational deficits in a rat model of
transient inflammatory pain. Preclinical studies of chronic pain have demonstrated
significant impact on brain structure and function, particularly at long post-injury time
points [13; 40]. Our findings suggest that neuropathic pain-induced changes in the brain do
not significantly influence hedonic value for sweet or bitter tastants or motivation to obtain
food reward. It is possible that compensatory mechanisms that restore normal reward
function may occur to insure survival. Further work will be required to determine if chronic
pain may alter hedonic impact or motivation under other conditions. Nevertheless, the
current findings are largely consistent with clinical experience and reveal surprisingly little
effect of chronic pain on food-associated pleasure and motivation.
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Figure 1. Intraoral catheterization does not alter tactile hypersensitivity or body weight in rats
(A) Both SNL catheterized and non-catheterized rats displayed a significant reduction in

paw withdrawal thresholds compared to sham rats starting on day 2 post-surgery
(*p<0.0001). Sham rats in both groups had no significant change in tactile hypersensitivity
thresholds compared to baseline (n=8-13). (B) Rats with and without intraoral
catheterization did not display any alterations in weight gain over the time course, indicating
that the catheterization did not impede food acquisition (n=8-12). All data are graphed as

mean = SEM.
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Figure 2. Neuropathic pain does not alter the hedonic or aversiveimpact of orally administered
tasting substances

Facial reactions to sweet (1% sucrose) neutral (water) and bitter (0.3 mM quinine) tastants in
sham and SNL rats were scored according to the facial reactivity scale of Berridge [4].
Representative examples of “liking” and “aversive” reactions are shown on the right. (A)
SNL and sham rats showed greater levels of “liking” reactions to sucrose compared to water
and quinine. No difference in “liking” reactivity was detected between SNL or sham rats for
each of the substances (n=11-13). (B) Neutral responses to intraoral sucrose, water, or
quinine did not differ between SNL and sham rats (n=11-13). (C) Both cohorts of rats
displayed the greatest amount of “aversion” reactions to quinine compared to the other
substances, however, there was no difference in “aversive” reactivity between SNL or sham
rats for each of the substances (n=11-13). All data are graphed as mean + SEM.
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Figure 3. Neuropathic pain produced no significant differencesin operant lever pressing tasks
Naive, sham-operated and SNL-operated groups of rats were trained to lever press for

sucrose pellets according to schedules outlined in the time-line (E). (A) No significant
difference in the number of lever presses during the FR1 acquisition phase was detected in
SNL, sham, or naive rats (n=12-16). (B) Graphical representation demonstrating differences
in the number of lever presses required to earn a reward on the two progressive ratio
schedules (PR1 and PR2). (C) Naive, sham, and SNL rats all exhibited similar numbers of
lever presses during each session of the progressive ratio task (n=12-16). (D) Sham or SNL
surgery did not alter the last completed ratio (break point) on the progressive ratio task
(n=12-16). (E) Tactile paw withdrawal responses of rats investigated in A, C and D were
measured throughout the duration of the experiment (days 14 — 120). Compared to sham
controls, SNL rats exhibited significantly decreased tactile withdrawal thresholds at all time
points that were tested, confirming the presence of mechanical allodynia (n=12-16,
*p<0.0001). (F) SNL did not alter the number of lever presses during the extinction trials
(n=16). (G) Time line for experiments in Figs. A,C,D,E. Data are graphed as means + SEM.
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Figure 4. Inflammatory pain produced a transient significant differencein lever pressesand
break pointsin a progressive ratio task
Rats were trained on an FR1 schedule to lever press for sucrose pellets for 4 consecutive

days. Then, baseline progressive ratio responses (PR1) were recorded. After that, saline or
CFA was injected in the left hind paw and animals were tested in the progressive ratios task
(PR1), as shown in the timeline (D). (A) CFA produced a significant difference in lever
presses during the progressive ratio task at day 1 (n=12, *p=0.0317). (B) The break point for
CFA-treated rats was significantly decreased compared to saline-treated rats on day 1 (n=12,
*p=0.0324). (C) CFA-injected rats displayed a significant reduction in paw withdrawal
thresholds compared to saline treated rats at day 1 and day 4 post-CFA (n=12, *p<0.0001).
Data are graphed as mean + SEM.
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