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Abstract
Traditional evaluation of pain in animals has primarily used reflexive withdrawal or nocifensive
response from singly presented stimulation. However, daily experience of thermal sensation involves
situations in which rapid temperature changes from cold to hot can occur. Therefore, in order to better
understand integration of competing stimuli and their role in the motivational character of pain
perception, behavioral tasks have been adapted to evaluate treatment-driven changes in hindpaws
when exposed to two or more stimuli. However, such assessments of craniofacial sensitivity are
lacking. In this study, we sought to characterize thermal preference for facial stimulation when rats
are given the option of experiencing a hot or cold stimulus to obtain a milk reward, or abstaining
from stimulation. We found that when both cold and hot stimuli were either non-noxious or where
both stimuli were noxious the hot stimulus was preferred. When the hot stimulus was noxious, non-
noxious cold was preferred. Unstimulated time was dependent on the combined aversiveness of the
two stimuli, such that unstimulated time was the greatest with a highly aversive stimulus pair (−4
and 48°C). We also found that pairing stimuli modulated successful task completion for each
stimulus, but for nociceptive heat, this was not solely a consequence of thermal preference. Finally,
we found that previous preference could both induce and abolish subsequent thermode preference
independent of stimulus cues. The findings in this study will allow us to evaluate experimental pain
states and analgesic treatments in a manner more relatable to the experience of the patient.
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1. Introduction
Traditional behavioral testing methods for evaluating thermal processing in animals have
primarily used reflexive withdrawal from a single hot or cold stimulus. However, in our daily
experience we encounter a mix of thermal stimuli that produce complex sensations. Even in a
non-pathological state, the summation of disparate stimuli can produce unpleasant or painful
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sensations that are greater than might be produced by an individual stimulus, as occurs in the
thermal grill illusion [9]. Recent molecular and electrophysiological studies indicate that this
phenomenon may be due in part to the co-expression of molecular mediators of hot and cold
thermal transduction within a single nociceptor, such as overlapping expression among
transient receptor potential channels vanilloid 1 (TRPV1), melastatin 8 (TRPM8), and ankyrin
1 (TRPA1) [15,36]. Populations of heat- and/or cold-sensing nociceptors can also provide
convergent input to second order neurons that transmit noxious signals to higher centers [10,
37,38]. The central integration of these stimuli, as well as the context in which they are
presented, influences pain perception and motivation.

Thus it is important to accompany molecular and electrophysiological studies with behavioral
assays that evaluate pain-related decision making in the presence of differing stimuli. Some
groups have used the thermal preference task to evaluate sensory integration of stimuli detected
in the hindpaws of rodents either with two stimulating options [18,31,32,34] or a gradient of
stimuli [18]. While this is sufficient to evaluate pain states targeting the hindpaw, no such
method exists to evaluate pain within the head and face. It is important to evaluate facial pain
specifically because there are forms of chronic pain unique to the trigeminal system, such as
headaches and trigeminal neuralgia. Some differences have also been noted between the
trigeminal and sciatic nervous systems, including differences in basal expression of the TRPM8
important for cold perception [15], expression of the inflammatory mediator interleukin-6
following chronic constriction injury [17], and the efficacy of serotonin antagonists [13]. These
differences could have implications for how pain is processed in the craniofacial region.

We previously characterized an operant assay that assesses the ability of rats to obtain a milk
reward while self-stimulating the face with a single stimulus [23,24]. We have also presented
thermal preference for a hot stimulus with a combination of −4 and 48°C [24], which are both
noxious, i.e. capable of causing tissue damage with sufficient duration of contact. Our goal in
this study was to expand on these findings and characterize thermal preference with various
hot and cold stimuli, including those that range from unpleasant, but not painful (e.g. 24°C) to
potentially painful, but non-noxious (e.g. 10, 45°C).

In humans, cold pain thresholds are reported at about 18°C [35], but unpleasantness thresholds
have been reported within +6°C from pain thresholds [11]. Reflex and nocifensive tests of rats
often identify statistically significant responses lower, near ∼5°C [2], but this may reflect the
threshold for pain intolerance occurring just prior to noxious stimulation. Or findings and an
operant escape assay stimulating the hindpaw indicate that innocuous cold stimuli can modestly
reduce operant outcome measures, suggesting aversion to these stimuli relative to equivalent
warmth [20,24]. Heat pain thresholds in humans are reported at about 43°C [35] and
unpleasantness is more tightly coupled with pain, occurring within ∼1°C of the pain threshold
[11]. Our work in rats similarly indicates a threshold of response around 45°C, with sharp
decline in reward attainment as temperature increases [23]. Based on these data, we paired cold
stimuli (24, 18, and 10°C) with hot stimuli ranging from 42 to 52°C.

We also examined the effect of previous experience on modulating subsequent preference and
these findings suggest previous experience can serve to condition an aversion or preference,
which could have implications for evaluating affect of pain. This assay could therefore provide
a useful tool for evaluating perceptual and motivational aspects of pain states and analgesic
treatments in a manner more relatable to the experience of the patient.
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2. Materials and Methods
2.1 Animals

Male hairless Sprague-Dawley rats (seven weeks old, Charles River, Raleigh, NC) were housed
in groups of five in enriched housing (see ref for description) and were maintained in a standard
12-hour light/dark cycle and were allowed access to food (Harlan Teklad LM-485 Mouse/Rat
Sterilizable Diet, Harlan Labs, Tampa, FL) and water ad libitum when not being tested. Rats’
weights were recorded every week to monitor general health. Animal testing procedures and
general handling complied with the ethical guidelines and standards established by the
Institutional Animal Care & Use Committee at the University of Florida, and all procedures
complied with the Guide for Care and Use of Laboratory Animals (1996).

2.2 Thermal Preference Testing of the Face
Facial testing was completed using a reward-conflict operant testing paradigm as described
previously [23,24]. Briefly, the rats were trained to drink sweetened condensed milk while
making facial contact with a thermode. During the training period (approximately 2 weeks)
their baseline intake was recorded, and the rats were considered ready for experimental testing
once their average baseline intake was 10g or greater at 37°C. Training was performed in the
single stimulus condition for all rats. Once trained, the facial testing region for each animal
was depilitated under light isoflurane anesthesia (inhalation, 2.5 %) once a week to maximize
thermal stimulus contact. The rats were fasted over night (13−15hrs) prior to each recorded
session.

The thermal preference of the rats was recorded as previously described in Rossi et al. 2006
[24]. Rats were trained in the single task condition and initially placed in the thermal preference
apparatus with both thermodes set at 37°C to allow them to become accustomed to this new
task. A second such session was recorded to ensure rats did not demonstrate a side preference.
Rats were able to move freely from one side of the compartment to the other and explore both
thermodes at will. Subsequently, rats (n = 5−10) were tested on separate days at the following
temperature combinations: 10/42°C, 10/10°C, 10/45°C, 18/45°C, 18/52°C, 18/48°C, 10/48°C,
24/45°C, and 24/48°C. Additional animals were also tested at 10/45°C (n =5), and 10/48°C (n
=15), and found to exhibit the same pattern of preferences as the first group, thus their data
were pooled. Cold and hot thermodes were alternated across testing sessions to prevent a
learned side preference. Two days or more separated the introduction of a new stimulus pair,
except for the conditioned aversion/preference experiments described in section 3.3 of the
Results, where 10/42°C, was followed one day later by 10/10°C, and 52/18°C was followed
by 18/48°C. We also present data previously published (thermal preference for −4 and 48°C,
n = 7 rats) for comparison with the other stimulus combinations and to illustrate the percentage
of unstimulated time not reported in the previous publication [24].

The number of licking contacts with each thermode, were calculated for and totaled to
determine the percentage of licks obtained on each side and at each temperature. The duration
of time spent on each thermode was used to determine the percentage of time spent stimulating
with the hot or cold stimulus, as well as the time spent not performing the reward task (i.e.
unstimulated). An assessment of successful task completion for each stimulus was made by
dividing the number of licks (rewarded attempts) by the number of stimulus contacts (the
number of total contacts or attempts) for each stimulus. In order to evaluate the effect of
temperature combination on the success ratios, the single stimulus ratios were compared with
the ratios calculated for the same stimulus when paired with another. Single stimulus data were
collected in a separate group of rats.
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2.3 Statistical Analysis
All statistical analyses were performed using SPSS (v. 16.0, SPSS, Inc.). Rats were excluded
from consideration if they failed to switch sides. For within stimulus pair comparisons, paired
t-tests were used to determine the difference between the percentage of licks on the cold and
hot thermodes (or right and left for neutral conditions) and repeated measures analysis of
variance (ANOVA) was used to determine significant differences in the percentage of time
spent on either thermode or unstimulated. For cold stimuli paired with 45°C stimulation, One-
way ANOVAs were used to compare licks and time across the different stimulus pairs on the
cold stimuli, on the 45°C stimulus, or off the stimuli. This was also true for cold stimuli paired
with 48°C stimulation. For the hot stimuli, 45 and 48°C, one-way ANOVAs with post-hoc
Tukey's test were used to compare success ratios for the single stimulus condition with success
ratios for that stimulus when paired with various cold stimuli (i.e. success at 45°C alone versus
success at 45°C when paired with 10°C, with 18°C, etc.). For the cold stimuli, t-tests were used
to compare success ratios for the stimulus presented alone versus success ratios at that cold
stimulus when paired with a hot stimulus (e.g. success at 10°C alone versus success at 10°C
when paired with 45°C, etc.). Repeated measures ANOVA was used to assess the effect of
previous experience on duration spent on the thermode (left or right) targeted by the previous
stimulating conditions, as well as unstimulated time. When significant effects were found with
one-way ANOVA, post-hoc comparisons were made using Tukey's test and for the repeated
measures ANOVA, with least squared difference test (LSD). Statistical significant was set to
p<0.05.

3. Results
3.1. Thermal Preference and Unstimulated Time

Although individuals may exhibit a side preference when exposed to a pair of neutral
temperatures, this preference was not consistent across testing sessions. When all rats
percentage of licks and time spent on each thermode were averaged no side bias was observed,
as we have previously reported [17]. With few exceptions, individual rats exhibit a temperature
preference each time they are exposed to hot and cold pair of stimuli, and most individuals
exhibit the same preference, predictive of the group mean (Table 1). We tested a range of cold
stimuli paired either with 45 or 48°C. For all pairs including 45°C as the hot stimulus, 45°C is
strongly preferred, with approximately 40% of testing time and >80% of total licks spent in
contact with this stimulus (Fig. 1A, B, see Table 2 for within-pair statistics). There was no
significant difference in the percentage of time or licks spent on the 45°C stimulus or the cold
stimulus when compared across stimulus pairs (Fig. 1A, B). However, the unstimulated time
is significantly lower when 24°C is the cold option than for the other two stimulus pairs (Fig.
1A).

As indicated by individual preferences, non-noxious cold stimuli (10, 18, 24°C) are preferred
when paired with a noxious hot stimulus, 48°C (Fig. 1C, D, and see Table 2 for within-pair
statistics). However, these cold preferences are moderate, with <50% of time and ∼ 70% of
licks spent in contact with the cold thermode. In contrast, when 48°C is paired with a noxious
cold stimulus (−4°C), 48°C is preferred (Fig. 1C, D).

When comparing across stimulus pairs, there was no significant difference in the percentage
of time spent on the 48°C stimulus (10−15%, Fig. 1C), even when the licking preference
switches from cold to hot (at 48 with −4°C). In contrast, both time and licks are significantly
lower for the −4°C cold stimulus than the non-noxious cold stimuli (Fig. 1D). As was the case
for 45°C, the percentage of unstimulated time is modulated by the intensity of the cold stimulus;
unstimulated time at 24/48°C was significantly lower, and at −4/48°C was significantly greater
than with all other pairs (Fig. 1C).
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3.2. Effect of Pairing Stimuli on Successful Task Completion
We also evaluated the effect of pairing stimuli on successful task completion relative to success
when each stimulus is presented individually. Successful task completion is measured by
calculating the ratio of licks to stimulus contacts for each stimulus. The success ratios at 45°
C when paired with any cold stimulus were not significantly different than success ratios at
45°C alone (Fig. 2A). In contrast, success ratios at all of the cold stimuli paired with 45°C were
decreased relative to when the stimuli were presented alone (Fig. 2B). Interestingly, the success
ratios for 10, 18, and 24°C are significantly different from each other in the presence of 45°C
(one-way ANOVA with post-hoc Tukey's test, F 2,27 = 4.72), but not when these cold stimuli
are presented individually, which we have demonstrated previously regarding individually
presented cold stimuli [17].

The success ratio at 48°C was modulated by cold in an intensity dependent fashion, with a
significant decrease in success at 48°C noted when paired with −4 or 10°C as compared to
success 48°C alone (Fig. 2C). In contrast, no differences in success ratios were found when
48°C was paired with 18 or 24°C relative to when presented alone (Fig. 2C). Conversely,
success ratios at −4 and 10°C are lower with 48°C than the success ratios when these stimuli
are presented alone (Fig. 2D). Success ratios at 18 and 24°C are greater when paired with 48°
C than the success ratios when these stimuli are presented alone, but only significantly so for
18°C (Fig. 2D). Taken together, these data indicate that pairing stimuli can modulate successful
task completion at either stimulus as compared to when that stimulus is presented alone.

3.3. Effect of Previous Experience on Thermal Preference
In addition to characterizing thermal preference, time distribution, and the effect of stimulus
interactions on successful task completion, we also evaluated if prior experience in the thermal
testing apparatus could affect thermode preference the following day. Rats (n =10) were tested
first at 37/37°C, exhibiting no side preference (Fig. 3A). They were then tested at 42/10°C and
preferred the 42°C, left thermode. Twenty four hours later, the rats were tested at 10/10°C,
spent significantly more time on the left thermode than the right (Fig. 3A), and exhibited a bias
for starting on the left thermode (Table 2A). Taken together, these findings suggest that the
left-thermode preference (right thermode avoidance) of the previous day was sufficient to
produce a conditioned preference in the presence of two equal stimuli.

We also determined that previous experience can obscure subsequent preference. Rats were
first tested at 52/18°C, which induced a preference for 18°C, on the right (Fig. 3B). We
generally observe that simply switching the hot and cold stimuli the following day does not
have a significant effect on thermal preference. However, changing one of the stimuli by a few
degrees in addition to alternating hot and cold sides could have a significant impact on behavior.
Therefore, the next day 18/48°C was used. Rats spent an equal percentage of testing time on
either stimulus, indicating no stimulus preference (Fig. 3B). After being exposed to 52°C on
the left thermode, fewer rats started on the left side when it was switched to 18°C (Table 2B).
Rats also spent significantly less time on the left thermode at 18°C when preference was
abolished, relative to the time spent at 18°C in either the inducing conditions or when preference
returned two days later (Fig. 3B). Unstimulated time was also significantly greater when
preference for 18°C was abolished than when it was present. Taken together, these data indicate
that previous experience can condition avoidance of one thermode that leads to avoidance of
that side and thus an apparent lack of preference.

4. Discussion
Thermal preference tasks that stimulate the paws have been used to reveal shifts in profiles
produced by genetic manipulation [6,16,21,26], models of neuropathic injury [31,34], and sex
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differences [32] but no such evaluations exist for competing stimuli applied to the face. In this
study, we sought to fully evaluate the role of competing thermal stimuli on operant pain
behavior using a thermal preference paradigm adapted from our single-stimulus facial pain
assay [23,24]. We paired several cold stimuli (24, 18, 10, and −4°C) with either 45 or 48°C.
These cold stimuli range from innocuous (24°C), near painful (18°C), painful, but non-noxious
(10°C), and painful and noxious (−4°C). Of the two hot stimuli, 45°C is at the pain threshold,
but non-noxious, while 48°C is both painful and noxious.

The painful 45°C stimulus was always preferred when paired with any cold stimulus, including
the innocuous 24°C. This was somewhat unexpected given that similar hindpaw preference
studies demonstrate either a slight cold preference in male rats, or no overt preference, as given
by equal time spent on either a 45 or 10°C stimulus [31,32]. Also, based on the fact that we
typically observe no difference in success ratios for cold stimuli and 45°C when these stimuli
are presented individually (compare white bars in Fig. 2 A&B), we had expected to observe a
less pronounced preference for 45°C stimulation of the face with these stimulus pairs.

These findings indicate that for hungry male rats, painful sensations induced by a 45°C stimulus
are insufficient to overcome the thermoregulatory drive to avoid cold, even when that
stimulation may be unpleasant but non-painful (24°C). In contrast and not unexpected, non-
noxious cold stimuli are preferred over 48C, although, the more moderate nature of this
preference also indicates the aversive capacity of these cold stimuli. Taken together, thermal
preferences revealed by this assay support a role for thermal pain perception as a part of
homeostatic, interoceptive processing system [8] and can be used to evaluate changes in
motivational influence of thermal stimuli in pathological, genetically, or pharmacologically
modified states.

Additionally, the design of this assay allows the animal to “escape” from both stimuli (avoid
stimulation), which is reflected in the percentage of unstimulated time. It has been suggested
that escape from stimulation can be used to indicate affective evaluation of painful stimuli by
animals [33], and demonstrated that stressful applications including social defeat [19], restraint
[14], and previous pain testing [33] can increase escape from nociceptive stimuli. In this study,
40−50% of the testing time was spent unstimulated for 24/45°C, 24/48°C, and 10/42°C pairs
(one is painful and/or aversive one is not), 50−60% for 10 or 18/45°C (both near or just within
pain thresholds), and 60−80% for all painful cold with 48°C or 18/52°C (one stimulus is
noxious and the other painful and aversive). Thus the percentage of unstimulated time (escape
from stimulation) increases as the aversive and painful qualities of both stimuli increase in the
absence of treatment or conditioning experience. This association of unstimulated time or
escape with the aversivness of the stimulus pairs may support the idea of this measure as tool
for affect evaluation.

In future work this assay could be used to examine the capacity for different classifications of
compounds, pain experience, or lesions of specific neuroanotomical regions to change the
percentage of unstimulated time independent of or in conjunction with a change in thermal
preference. For example, an anxyolitic compound might have no effect on the perceptual and
motivational factors underlying thermal preference, but it might reduce stress that may be
caused by the presence of painful stimuli, enhancing operant responding, and decreasing
unstimulated time. Alternatively, pain states which preferentially effect cold sensitivity, but
not heat may alter both thermal preference and unstimulated time. There are certainly many
potential applications of this assay relatable to the study of addiction, experience, and
motivation.

In addition to the central perceptual, motivational and affective factors that influence behavior
in this preference task, there is also potential for interaction among nociceptors populations
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that might cross sensitize or desensitize the animal to the stimui. In order to resolve this issue,
we compared the success ratio (licks/stimulus contact) for the cold stimulus when paired with
a hot stimulus to the success ratio obtained when the cold stimulus was presented alone. This
was also done for the hot stimulus. Pairing 45°C with cold stimuli insignificantly increased
success ratios relative to 45°C alone. Success ratios for cold stimuli were significantly
decreased when paired with 45°C, and this decrease was proportional to decreasing
temperature. The latter effect may be the result of a temporally induced paradoxical heat effect,
in which the burning character of cold is unmasked by an imbalance in the activity of polymodal
nociceptors versus cool-sensitive cells in lamina I of the dorsal horn [8,9].

The capacity for both 48°C and painful cold to cross suppress successful task completion also
suggests that painful cold activates substrates that can facilitate heat pain, and vice verse. This
cold-facilitation of heat pain could be due to the activation of peripheral nociceptors that
respond to both cold and heat, or the convergent, facilatory input of distinct cold and heat-
responsive nociceptors onto second order neurons in the dorsal horn of the trigeminal nucleus
caudalis. Two molecular mediators of cold and heat, TRPM8 and TRPV1 respectively, are co-
expressed in naïve trigeminal ganglia [15,36]. Although their co-expression is reported to be
very low in naïve trigeminal ganglia [15], this does not necessarily mean that such a population
could not have a significant influence on thermal processing in the context of alternating or
mixed hot and cold stimulation. It is also possible that the cold and hot nociceptors have
convergent inputs within the trigeminal spinal nucleus. Lingual application of the TRPM8
agonist menthol has been shown to cross-sensitize subjects to the irritation produced capsaicin,
a TRPV1 agonist [5]. TRPA1 has also been proposed to respond to nociceptive cold stimulation
[3,16,25,27], but this is debated [4,12,22,39]. TRPA1 and TRPV1 are highly co-expressed
[15] and agonists of this channel have been shown to weakly enhance cold pain [1].
Additionally, local field potentials in the trigeminal nucleus caudalis respond to mixed thermal
stimuli and agonists of TRPM8, TRPA1, and TRPV1, which is suggestive of convergent inputs
onto the same second order neuron [1,37,38]. Assessing changes in success in our thermal
preference task could provide a means of studying the interaction between cold and hot
nociceptors in vivo.

Thus far, we have established that this thermal preference assay can assess the motivational
capacity of competing stimuli by behavioral outcomes that indicate degree of preference, as
well as avoidance. We have also determined that interactions between cold and hot nociceptors
may be inferred by examining changes success ratios. We also demonstrated that previous
experience within the preference task could influence behavior in the task one day later, such
that preference could be artificially induced or abolished by previous experience. This effect
is similar to conditioned place aversion, where an inflammatory pain state becomes associated
with one compartment in a two or three chambered box and avoided by the animal in future
trials [28,29]. This paradigm is often used to evaluate the capacity of treatments to modulate
the affective component of pain independent of the intensity component, necessitating separate
sensory testing to evaluate intensity [7,30]. In contrast, this thermal preference assay has the
potential to assess both intensity and affect aspects of pain simultaneously. Future
experimentation could examine the capacity of a treatment to enhance or reduce the conditioned
preference effect demonstrated here. Alternatively, place preference or aversion could be
pharmacologically induced and the capacity of different stimulus pairs to change the
conditioned preference could be examined.

5. Conclusions
In the current study, we characterize a thermal preference assay that can assess both intensity
and affective aspects of facial pain simultaneously. This method of assessment provides a
clinically relevant examination of pain mechanisms because it can assess both the direct
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response to the stimuli and the avoidance of the stimuli. Additionally, there are potential
applications of this assay in other areas related to pain, such as the study of addiction,
Understanding the mechanisms underling these relationships will allow for future studies to
improve treatment for chronic pain.
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Fig. 1. Distribution of time spent on the cold, hot, or off the thermode and percentage of licks spent
at either thermode when cold stimuli were paired with 45 or 48°C
(A) More time is spent on the 45°C stimulus when paired with a 10, 18, or 24°C cold stimulus
(see Table 2 for F statistics). Significantly less time is spent unstimulated (“Off”) when the
cold stimulus is 24°C relative to the unstimulated time for the other two pairs (F 2, 30 = 7.016).
(B) The majority of licks also occur in contact with the 45°C stimulus (see Table 2), but there
is no significant difference among licks in contact with cold thermode across stimulus pairs
(F 2, 30 = 1.192). (C) More time is spent on the non-noxious cold stimulus (10, 18, 24°C) when
paired with 48°C. In contrast, more time is spent at 48°C when the cold stimulus is noxious
(−4°C). The lowest percentage of unstimulated time occurs when the cold stimulus is 24°C
and the greatest when it is −4°C (F 3, 76 = 20.481, p<0.001). The percentage of time spent on
the cold stimulus when it is −4°C is significantly less than the percentage of time on all other
cold stimuli when paired with 48°C (F 3, 76 = 20.481, p<0.001). (D) More licks occur at 10 or
18°C than at 48°C (although with 24°C as the cold stimulus this does not reach statistical
significance), and the opposite is true when −4 and 48°C are paired (see Table 2). * indicates
significant difference (i.e. preference) in time spent on either stimulus or unstimulated
(repeated-measures ANOVAs with post-hoc LSD test) or between licks spent on the two
stimuli (paired t-tests). + indicates a significant difference in percentage of licks or testing time
across stimulus pairs for cold stimuli, hot stimuli, or unstimulated duration (one-way ANOVA
with post-hoc Tukey's test). All data are mean ± SEM, significance is p < 0.05.

Rossi and Neubert Page 11

Behav Brain Res. Author manuscript; available in PMC 2010 November 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2. Successful task completion when stimuli are paired or presented alone
(A) Success at 45°C is not significantly increased by pairing with non-noxious cold stimuli as
compared to when it is presented alone (n = 29; F 3, 62 = 2.457, p = 0.103). (B) Success ratios
at the cold stimuli (10, 18, 24°C) are significantly decreased when paired with 45°C (10°C:
t51 = 12.264, for single stimulus, n = 41; 18°C: t17 = 6.633, n = 12; 24°C: t22 = 3.866, n = 14).
(C) Success ratio at 48°C is significantly reduced when paired with −4 and 10°C, but not
significantly different when paired with 18 or 24°C as compared to when it is presented alone
(n = 28). (D) Success ratio is significantly decreased at −4 and 10°C when paired with 48°C
(−4°C t13 = 2.708; 10°C: t105 = 2.706), significantly increased at 18°C (t11 = −2.486), and not
significantly increased at 24°C (t9 = −1.46). * indicates p<0.05 for success alone versus paired,
(for success ratios with hot stimuli significance was determined by ANOVA and Tukey's test
post-hoc, and by t tests for success ratios with cold stimuli). All data are mean ± SEM.

Rossi and Neubert Page 12

Behav Brain Res. Author manuscript; available in PMC 2010 November 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3. Preference can be conditioned or abolished by stimulus exposure 24 hours prior
(A) Two equivalent stimuli normally do not produce a preference, as indicated by 37 and 37°
C (“NS” indicates no significant difference between thermodes). However, when preceded by
a preference inducing combination (42 and 10°C; F2, 9 = 50.39), the next day more time is
spent on the left 10°C thermode (previously preferred) than the right 10°C thermode
(previously avoided, F2, 9 = 48.09). When comparing the right thermode across the stimulus
pairs, the percentage of time spent on the right 10°C thermode was also significantly different
from the right thermode set at 37°C (F2, 9 = 6.96). (B) Previous experience can also hinder the
presentation of a stimulus driven preference. In this case, an avoidance of the left thermode
(52°C) and preference for the right thermode (18°C) was established (F2, 8 = 91.28). The
following day, the cold and hot sides were switched such that the left thermode was 18°C and
the right, 48°C. Rats spend an equal percentage of time on the left and right thermodes (p =
0.909 for post-hoc LSD comparison of stimulus duration). In contrast, when tested two days
later at with the same stimulus configuration, they exhibited a preference for the left 18°C
stimulus (F2, 8 = 37.86). When comparing duration on the 18°C stimulus across these stimulus
pairs, the time spent on 18°C (black bar) when paired with 52°C was significantly greater than
the time spent on 18°C (grey bar) for the first 18/48°C pair (no preference), but not for the
second 18/48°C pair (preference returned; F2, 8 = 10.73). * indicates within pair significant
difference, p < 0.05, with repeated measures ANOVA and post-hoc LSD test. All data are mean
± SEM.
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Table 1
Number of rats exhibiting a cold, hot, or no preference at the stimulus combinations tested, as determined by the
percentage of licks; individuals in agreement with the group preference are denoted in bold.

Temperature Pair (°C) Cold Preference Hot Preference No Preference* Total n

−4 & 48 2 11 1 14

10 & 48 37 15 2 54

18 & 48 8 1 0 9

24 & 48 7 2 0 9

10 & 45 2 12 0 14

18 & 45 0 9 0 9

24 & 45 2 10 0 12

37 & 37** 11 14 2 27

*
“No preference” is defined as 50 ± 5% of licks spent in contact with either stimulus

**
For 37&37°C, the count in the “cold preference” column reflects number of rats with a left thermode preference
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Table 2
Statistical determination of group preferences for each stimulus pair, as indicated by percentage of total licks (paired
t-tests) and by percentage of total testing duration (repeated measures ANOVA, with post-hoc least squared differences,
or LSD, test).

Temperature Pair (°C) Licks Hot - Cold t
statistics

Test Time Hot, Cold, Off F
statistics

LSD Test df

−4 & 48 −2.975* 142.073** H=C<Off 13

10 & 48 −3.453* 147.75** H<C <Off 53

18 & 48 −4.096* 37.86** H<C <Off 8

24 & 48 −1.425 6.034* H=C=Off (H<Off) 8

10 & 45 6.17** 52.335** Off>H>C 13

18 & 45 21.352** 100.667** Off>H>C 8

24 & 45 3.049* 5.075* Off=H>C 11

Abbreviations: H = hot stimulus, C = cold stimulus, df = degrees of freedom.

*
p<0.05

**
p<0.001
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Table 3
Influence of previous experience on frequency of start side and thermal preference 24 hours later.

A Preference Induced

First Day Left 42°C Right 10°C

n rats started on this side 4 6

n rats preferred this side 10 0

Second Day Left 10°C Right 10°C*

n rats started on this side 8 2

n rats preferred this side 8 2

Total n 10

B Preference Abolished

First Day Left 52°C Right 18°C

n rats started on this side 5 4

n rats preferred this side 1 8

Second Day Left 18°C Right 48°C

n rats started on this side 3 6

n rats preferred this side 4 5

Total n 9
*
Please note that the two rats who started on the right exhibited a left-side preference and the two rats that preferred the right started on the left.
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