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Rewarding solutions and food have been used since the beginning of animal research and
are commonly used in the context of cognitive-based behavioral assays, such as training
animals to press a lever or select the proper instrument. In the study of many drugs, sweet
solutions are commonly used to deliver drugs to test for addictive capacity and potential for
abuse. Chronic administration of oral sucrose has been shown to alter pain perception in a
range of reflexive tests via multiple effects on the activity of the endogenous opioid system.
Unfortunately these studies have demonstrated one of three possible outcomes: ad libitum
exposure to a sucrose solution may induce analgesia [10,15,18–20], have no effect on
analgesia [17], or even induce hyperalgesia [1,13] in reflexive-based testing paradigms. To
date, several studies [1,6,9,19] have examined the relationship of variable concentrations of
non-caloric and caloric solutions on performance in operant testing systems and have
focused on bar-pressing tasks. Our study advances these ideas by examining the potential of
the reward solution to alter response in a facial operant testing system and its implications
when testing animal models of pain or drugs for their analgesic potential.

The goal of the current study was to determine the effect of caloric vs. non-caloric reward on
operant pain behavior. In this set of experiments we examined the influence of caloric
(sucrose) and non-caloric (saccharin) liquid rewards on the performance of a recently
developed thermal facial operant test at neutral (37°C) and noxious (48°C) temperatures.
Historically, our laboratory has utilized a 33% sweetened condensed milk solution as the
reward in our reward/conflict paradigm testing system [12,14,16]. In the current study, we
used an operant orofacial assay to measure the effect of various concentrations of a caloric
(sucrose, 5–50%) sweet reward solution at two temperatures: neutral (37°C) and noxious
(48°C). In addition, we compared the effect of two sweet rewards: caloric (sucrose, 5–50%)
and non-caloric (saccharin, 0.01–1%) at 37°C.

Thermal sensitivity was evaluated using an operant orofacial pain assay [12,14,16]. Seven-
week old male hairless Sprague-Dawley rats (250–300g, Charles River, Raleigh, NC) were
housed in a standard environment. The sucrose experiments used animals as such: 37°C (5%
n=8, 10% n=16, 20% n=24, 30% n=8, 40% n=8, 50% n=8) and at 48°C (5% n=8, 10% n=4,
20% n=4, 30% n=8, 40% n=8, 50% n=8). The milk experiments used animals as such: 37°C
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(1% n=8, 10% n=8, 15% n=8, 25% n=6, 33% n=16, 50% n=8) and at 48°C (1% n=4, 10%
n=4, 15% n=4, 25% n=6, 33% n=4, 50% n=4).. All rats had ad libitum access to food and
water between testing sessions, and their weights were monitored weekly. Rats were food
fasted for 16 h prior to each testing session and trained to drink sweetened condensed milk
while making facial contact with a thermal probe, set at 37°C over a 2 week period. Rats
were then tested at either 37°C or 48°C and two behavioral outcome measures were
recorded for each 20 min testing session: licks, (number of contacts with the sipper tube,
which cannot be made without contacting the thermal probe) and stimulus contacts (number
of contacts with the thermal probe) which were used to calculate the success ratio (licks/
stimulus contact). Data was converted to a percent baseline using our traditional reward
solution of 33% milk at 37°C to standardize the data [12,14,16]. A one-way analysis of
variance with Dunnett’s post-test was performed to determine difference in concentration at
each temperature. The control group for the Dunnetts post-hoc test was 33% milk which has
been used historically in our studies using thermal facial operant testing [12–14,16]. A two-
way analysis of variance was used to compare the effect of temperature. A 37°C/48°C ratio
was calculated and analyzed with a one-way analysis of variance with Dunnett’s post-test
with the 37°C/48°C ratio from 33% sweetened condensed milk used as the control group.
All experimental procedures were approved by the University of Florida Institutional
Animal Care and Use Committee. All statistical evaluations were made using GraphPad
Prism (v. 4.02, GraphPad Software, San Diego, CA). Significance was set at p<0.05 and
indicated as follows: Concentration Analysis: # p < 0.05, ## p < 0.01; Temperature
Analysis: ** p < 0.01, *** p < 0.001; 37°C/48°C ratio: § p < 0.05, §§ p < 0.01.

The first outcome evaluated was reward licking contacts which provide a measure of the
palatability of the reward. The ingestion of a 40% and 50% sucrose solution produced a
significantly reduced number of licks compared to control when tested at 37°C and at 50%
sucrose when tested at 48°C (Fig. 1A). The number of licks was consistently higher at 37°C
vs. 48°C but only demonstrated a statistically significant increase at 5% and 30% (Fig. 1A).
Additionally, we calculated a 37°C/48°C ratio for each concentration (Fig. 1C) to provide a
measure of the temperature effect which demonstrated no statistically significant change
among sucrose concentrations suggesting the difference in reward licking contacts is related
to temperature and not the reward potential of the solution.

The second outcome we evaluated was the success ratio (number of licks/number of face
contacts) which provides a measure of facial pain. The success ratio was significantly
decreased at 5%, 10%, and 50% sucrose among animals tested at 37°C and showed no
difference between 37°C and 48°C at those concentrations (Fig. 1B). However, at 20%,
30%, and 40% the success ratio was significantly elevated at 37°C versus 48°C (Fig. 1B).
There were no statistically significant differences in success ratio at any concentration tested
at 48°C. These data suggest that at a neutral temperature (37°C), low concentrations of
sucrose do not provide enough reward to maintain contact with the thermode. The decreased
success ratio at 50% sucrose (37°C) suggests that the solution may either be unpalatable or
the rats may be satiating as suggested by the decreased number of licks. The similarity of the
success ratios at all concentrations of sucrose at the noxious temperature (48°C) suggests
that in a thermal facial operant test a sweet reward solution does not induce analgesia to a
level which significantly reduces the painful thermal stimulus. When we evaluated the 37°C/
48°C ratio for each concentration (Fig. 1D) the ratio was significantly decreased compared
to 33% sweetened condensed milk at 5%, 10%, 20%, 30%, and 50% sucrose. These data
suggest that the success ratio provides a better analysis of thermal facial operant data
because it detects changes in facial contacts and provides a measure of thermal sensitivity.

When we investigated the non-caloric agent saccharin, we found that there were a very low
number of licks at 37°C at all tested concentrations (0.01%, 0.1%, and 1%) (Fig. 2). The
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maximal number of licks was induced at a concentration of 0.1% (109±39.94) where as the
maximal licks at 37°C for sucrose (30%, 2039±470.8) was almost 20-fold higher. There are
two possible explanations for such a low performance when testing saccharin: 1) it suggests
that caloric content of the reward solution is important in the performance of thermal facial
operant testing or 2) the taste of saccharin is in itself aversive [2,4,7].

Previous studies of the effect of sweet reward on behavior have focused on the potential of
these solutions to induce analgesia in reflexive testing paradigms such as Hargreaves
thermal testing or Von Frey filament mechanical testing. These studies have demonstrated
that the production of analgesia is independent of the caloric content of the reward and that
it is the sweet taste which is required [3,5,8,20]. However, our data suggests that
performance of an operant test requires the reward to be caloric. Additionally, our data
demonstrate the complexity of evaluating pain data. For example low success ratios at 5%,
10%, and 50% could mistakenly be interpreted as a painful response when these
concentrations may instead represent reduced palatability to the animal.

In conclusion, our results suggest that caloric rewards are preferred in the performance of
the operant testing paradigm. The effect of reward is significantly diminished noxious
temperatures suggesting that the relative nutritive value does not induce analgesia in this
paradigm. Altered sucrose concentration produced the largest changes in success ratio at
neutral temperatures; this provides provocative evidence for future studies which will utilize
sucrose as a reward solution when testing analgesic drugs or animal models of pain. Our
study demonstrated that 5%, 10%, and 50% sucrose solutions produce a success ratio which
could mistakenly be labeled allodynic if this had been a pain study when in fact the solutions
may just be unpalatable. Our study demonstrates the importance of choosing the correct
reward solution and therefore has implication in the evaluation of animal models of pain
behavior and subsequent translation to the clinic.
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Figure 1.
Differential effect of temperature and sucrose concentrations on the number of licks and
success ratio. A) At 37°C the number of licks was significantly decreased at 40% and 50%
sucrose compared to our historical solution of 33% sweetened condensed milk and at 48°C
the number of licks was significantly decreased at 50% (Sucrose: 37°C, F5,66=3.532; 48°C,
F5,34=3.415 Milk: 37°C, F5,48=16.93; 48°C, F5,20=4.565). The number of licks was
significantly increased at 5% and 30% sucrose at 37°C versus 48°C (Sucrose: 37°C,
F5,66=7.776; 48°C, F5,34=0.3962 Milk: 37°C, F5,48=8.408; 48°C, F5,20=0.8738). B) The
success ratio at 5%, 10%, and 50% sucrose was significantly decreased at 37C when
compared with our historical solution of 33% sweetened condensed milk and there was no
difference in concentration at 48°C. The success ratios at 20%, 30%, and 40% sucrose were
significantly elevated at 37°C versus 48°C (Sucrose: 37°C, F5,66=7.776; 48°C, F5,34=0.3962
Milk: 37°C, F5,48=8.408; 48°C, F5,20=0.8738). C) The 37°C/48°C ratio calculated from the
number of licks (F6,48=1.521). D) The 37°C/48°C ratio calculated from the success ratio.
The increased ratio at 40% is statistically significant compare to 5%, 10%, and 50%
(F6,48=6.572). Graphs are mean ± s.e.m. Significance was set at p<0.05 and indicated as
follows: Concentration Analysis: # p < 0.05, ## p < 0.01; Temperature Analysis: ** p <
0.01, *** p < 0.001; 37°C/48°C ratio: § p < 0.05, §§ p < 0.01.
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Figure 2.
Effect of saccharin concentration on the number of licks at 37°C. Saccharin concentration
did not alter the number of licks at 37°C. Graphs are mean ± s.e.m.
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