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Abstract
Patients with chronic pain experience spontaneous or ongoing pain as well as enhanced sensitivity
to evoked stimuli. Spontaneous or ongoing pain is rarely evaluated in preclinical studies. In fact, it
remains controversial whether ongoing or spontaneous pain even develops in mice after tissue or
nerve injury. This study tested a hypothesis that negative reinforcement can be used to unmask the
presence of pain in mice with tissue or nerve injury. We found that spinal administration of
clonidine or lidocaine did not elicit CPP in uninjured or sham-operated mice. However, these
agents produced CPP in mice with chronic inflammation induced by complete Freund’s adjuvant
(CFA) or following L5/L6 spinal nerve ligation (SNL). These data indicate the presence of non-
evoked (i.e., stimulus-independent) ongoing pain in mice with chronic inflammation (CFA) or
following nerve injury (SNL). In addition, this study validates the use of negative reinforcement to
unmask non-evoked ongoing pain in mice. Given the existence of a large collection of transgenic
and knockout mice, our data show the application of this approach to elucidate molecular
mechanisms underlying non-evoked pain and to contribute to drug discovery for pain.

Perspective—We demonstrated the presence of non-evoked ongoing pain in mice with chronic
inflammation or following nerve injury. The study also validates the use of negative reinforcement
to unmask non-evoked pain in mice. We propose to apply this approach to identify molecular
mechanisms and effective drugs for chronic pain.
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Introduction
Spontaneous pain is a common complaint of patients with chronic pain 1, 28, 32. Although
spontaneous pain, either paroxysmal or ongoing, is consistently identified as the major
clinical complaint in many pain states, its detection and mechanistic evaluation presents a
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major challenge preclinically. Current research has relied almost exclusively on reflexes
from an evoked stimulus, a threshold response, while patients suffer from non-evoked pain
that is evaluated clinically on the basis of self-reported intensity. Evoked hypersensitivity is
unquestionably a concern in some clinical settings; however, most clinical trials rely on
evaluation of tonic pain intensity, suggesting the possibility that measures of evoked
thresholds may not accurately predict efficacy of therapies in development for the treatment
of pain 9, 14, 27, 31. This limitation may be a major obstacle in basic and translational
research to identify effective drugs for chronic pain.

Recently, negative reinforcement was employed to reveal the presence of non-evoked
ongoing pain in rats 19, 29, 30. This approach employed conditioned place pairing to unmask
the presence of an aversive state as the result of non-evoked ongoing pain. Importantly,
drugs that were not rewarding in the absence of chronic pain elicited conditioned place
preference (CPP) in rats with ongoing pain by alleviation of ongoing pain 19. This approach
has also been applied to rats with lesions of the spinal cord representing central pain 7.

Whether mice might experience spontaneous or ongoing pain after tissue or nerve injuries
remains controversial. A recent study monitored home cage activity and behaviors that are
thought to reflect the affective state following chronic inflammation or peripheral nerve
injuries and concluded that there was no change in “quality of life measures” in mice 34. The
study failed to demonstrate behavioral evidence for ongoing pain in male mice after
intraplantar complete Freund’s adjuvant (CFA), spared nerve injury (SNI), or chronic
constriction injury (CCI) 34. The current study was designed to test the hypothesis that
injuries to tissues or to peripheral nerves were accompanied by spontaneous or ongoing pain
in mice. We propose that negative reinforcement can be used to unmask the presence of
non-evoked ongoing pain in mice with tissue or nerve injury. Specifically, we determined
whether spinal administration of drugs that do not produce CPP in naïve mice would do so
in the presence of injury, revealing the presence of an aversive state reflecting ongoing pain
in mice. To date, whether this approach can be successfully applied to mice has not been
established. If successful, it would not only offer a powerful approach to directly test our
hypothesis, but also open the opportunity of genetic advantages conferred by mouse models.

Materials and methods
Animals

Male ICR mice (20-25g; Harlan, Indianapolis, IN) were maintained on a 14/10 h light/dark
cycle (light on 5:00 A.M. -- 7:00 P.M.; a standard light/dark schedule that is used by the
university animal care facility) with food and water provided ad libitum before experimental
procedures. All experiments were performed during the light cycle. Mice were randomly
divided into experimental groups according to a computer generated randomization list. All
procedures were carried out in accordance with the International Association for the Study
of Pain (IASP) and the NIH Guide for the Care and Use of Laboratory Animals after
approval by the University of Illinois Institutional Animal Care and Use Committee.

Materials
Complete Freund’s adjuvant (CFA, 0.5 mg/ml Mycobacterium tuberculosis (H 37RA,
ATCC 25177), suspended in an oil:saline (1:1) emulsion), lidocaine, clonidine and
adenosine were purchased from Sigma (St. Louis, MO). All other reagents were of
analytical grade or better from commercial sources.
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Drug administration
Intrathecal injection (i.t.) was given in a volume of 5μl by percutaneous puncture through an
intervertebral space at the level of the 5th or 6th lumbar vertebra, as described
previously 5, 15, 33.

Conditioned Place Preference (CPP)
The CPP apparatus (San Diego Instruments, San Diego, CA) consists of 3 Plexiglas
chambers separated by manual doors. A center chamber (6 1/4” W × 8 1/8” D × 13 1/8” H)
connects the two end-chambers that are identical in size (10 3/8” W × 8 1/8” D × 13 1/8” H),
but can be distinguished by texture of floor (rough vs. smooth) and wall pattern (vertical vs.
horizontal stripes). Movement of mice and time spent in each chamber were monitored by 4
× 16 photobeam arrays and automatically recorded in SDI CPP software.

Preconditioning was performed across 3 days for 30 min each day when mice were exposed
to the environment with full access to all chambers. On day 3, a pre-conditioning bias test
was performed to determine whether a preexisting chamber bias exists. In this test, mice
were placed into the middle chamber and allowed to explore open field with access to all
chambers for 15 min. Data were collected and analyzed for duration spent in each chamber.
Animals spending more than 80% or less than 20% of the total time in an end-chamber were
eliminated (~10% of total animals) from further testing.

We used a single trial conditioning protocol in the experiments 19. On conditioning day (day
4), mice first received vehicle control (saline, i.t.) paired with a randomly chosen chamber in
the morning and, 4 h later, either clonidine (1 μg in 5 μL saline, i.t.), lidocaine (0.04 % in 5
μL saline, i.t.), or adenosine (3 μg in 5 μL saline, i.t.) paired with the other chamber in the
afternoon. During the conditioning, mice were allowed to stay only in the paired chamber
without access to other chambers for 15 min immediately following saline or drug injection.
On the test day, 20 h after the afternoon pairing, mice were placed in the middle chamber of
the CPP box with all doors open so animals can have free access to all chambers. Movement
and duration of each mouse spent in each chamber were recorded for 15 min for analysis of
chamber preference. Difference scores were calculated as (test time-preconditioning time)
spent in the drug chamber.

Complete Freund’s adjuvant (CFA)-induced inflammatory pain model
Unilateral inflammation was induced by injecting 20 μl CFA into the dorsal surface of the
left hindpaw (i.pl.), as we have previously described 26, 33. The treatment is known to induce
thermal hyperalgesia and mechanical allodynia. Control mice received 20 μl of saline.
Sensitivity to thermal and mechanical stimuli was tested before and after CFA injection.
CPP preconditioning started 3 days before CFA injection.

Spinal nerve ligation (SNL)-induced neuropathic pain model
Spinal nerve ligation operation was carried out as previously published 4, 18. Separate groups
of eight mice had the left L5 and L6 spinal nerves tightly ligated distal to the dorsal root
ganglion but before the fibers join to form the sciatic nerve; the sham operation consisted of
the same surgery but without nerve ligations. Sensitivity to thermal and mechanical stimuli
was tested before and after SNL operation. Preconditioning started 10 d after SNL.

Assessment of mechanical and thermal sensitivity
Sensitivity to mechanical stimulus was assessed as previously described 4, 26. Mice were
allowed to acclimate for 30 min before probing with calibrated von Frey filaments (Stoelting
Co, Wood dale, IL) by pressing the midplantar surface of the left hindpaw for 5 s or until a

He et al. Page 3

J Pain. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



withdrawal response happened. Paw withdrawal threshold was determined by the “up-
down” algorithm 3, 5, 8.

Thermal sensitivity was determined by paw withdrawal latency to radiant heat applied to the
center of the planter surface of the left hindpaw using a plantar tester (model 7372, UGO
BASILE) 4, 5, 13. Latency to paw withdrawal was measured. A cut-off time of 20s was
applied to avoid tissue damage.

Statistical analysis
Data are expressed as Mean±S.E.M. Comparisons between groups were analyzed using
ANOVA followed by a post hoc test. When analyzing evoked pain behavior data, one-way
ANOVA followed by Tukey post hoc test wass used to compare unmatched groups at each
time point. When analyzing CPP data, two-way ANOVA (pairing vs. treatment) was applied
followed by Bonferroni post hoc test Difference scores were analyzed using Student’s paired
t test by comparing the differences between test time and preconditioning time in each
chamber for each mouse. Statistical significance was established at the 95% confidence
limit.

Results
CFA-induced evoked hypersensitivity and ongoing pain in mice

Intraplantar CFA is known to cause evoked hypersensitivity (i.e., hyperalgesia) of the
injured paw. When tested 24 h post CFA treatment, mice exhibited hypersensitivity to a
normally innocuous mechanical von Frey stimulus (0.16±0.04 g in CFA-mice vs 1.05±0.10
g in saline-mice, p<0.001 one-way ANOVA followed by Tukey post hoc test; Fig. 1 A) as
well as to a noxious thermal stimulus (3.80±0.41s in CFA-mice vs 11.31±0.87s in saline-
mice, p<0.001 oneway ANOVA followed by Tukey post hoc test; Fig. 1 B) applied to the
hindpaw. Within 20 min after administration, clonidine (1 μg, i.t.) reversed CFA-mechanical
hypersensitivity, restoring the paw withdrawal threshold (0.94±0.14g) to a level that was
indistinguishable from that in saline-mice (1.03±0.10g, p>0.05) and was significantly
different from the CFA-saline mice (0.15±0.04, p<0.001, one-way ANOVA followed by
Tukey post hoc test). This effect of clonidine persisted for about 60 min. In saline-treated
mice, spinal clonidine elicited a slight increase in paw withdrawal threshold that did not
achieve significance. CFA-induced thermal hyperalgesia was also reversed by spinal
clonidine within 20 min. Spinal clonidine reversed thermal thresholds from 3.80±0.41s in
CFA-mice to 20.89 ± 1.37s in CFA-clonidine mice (p<0.001, one-way ANOVA followed by
Tukey post hoc test; Fig. 1B). These data indicate that this dose of spinal clonidine is
effective in transiently reversing CFA-induced evoked hypersensitivity. Clonidine elicited
antinociception in both CFA- and saline-mice in the radiant heat assay (Fig. 1B), which has
been previously studied under similar conditions 10.

We next determined whether CFA produced non-evoked ongoing pain in the mouse. Twenty
eight hours post CFA, separate groups of saline- or CFA-treated mice received clonidine (1
μg, i.t.) and were immediately paired with a randomly chosen chamber for 15 min. Chamber
preference was tested 20 h later without any additional drug administration. CFA-pretreated
mice spent a significantly longer time in the clonidine-paired chamber (313±13s) than in the
saline-paired chamber (212±18s, p<0.001, two-way ANOVA followed by Bonferroni post
hoc test; Fig 1C), indicative of clonidine-induced CPP in CFA-mice. In contrast, spinal
clonidine did not produce CPP in saline-pretreated mice, as mice spent equal amount of time
in saline (237±20s) and clonidine (254±17s) chambers (p>0.05, two-way ANOVA followed
by Bonferroni post hoc test). It is important to note that mice used in the experiment had no
preexisting chamber preference (268±11s in saline chambers vs 254±8s in clonidine
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chambers, p>0.05; Fig. 1C). Analysis of “difference scores” indicated that clonidine
produced CPP only in CFA-, but not saline-, mice. Therefore, spinal clonidine induced CPP
selectively in mice with ongoing tissue inflammation (p<0.01, paired t test; Fig. 1D).

CFA-induced evoked and non-evoked pain is blocked by lidocaine
In order to further test our hypothesis, we studied the effects of spinal lidocaine. As
expected, lidocaine transiently blocked CFA-induced mechanical and thermal
hypersensitivity (Fig. 2 A-B). These effects of lidocaine were most significant at 20 min
after its administration, bringing both the paw withdrawal threshold (1.17±0.13g) and the
paw withdrawal latency (13.16±1.15s) to levels that were not different from those of saline-
saline mice (p>0.05, one-way ANOVA followed by Tukey post hoc test, Fig. 2 A-B). These
effects lasted for about 40 min. Similar to what was reported previously 25, 29, lidocaine also
raised thresholds above baseline in saline-mice.

Twenty eight hours after intraplantar CFA or saline injection, mice received spinal lidocaine
and were placed within a randomly chosen conditioning chamber. Mice treated with
intraplantar saline did not show place preference to either spinal saline or lidocaine; these
animals spent similar amount of time in saline (289±20s) and lidocaine (239±14s) chambers
(p>0.05, Fig 2C-D), confirming that lidocaine did not elicit CPP in saline-mice without
ongoing pain. In contrast, CFA-treated mice spent significantly more time in lidocaine
chambers (331±42) than in saline chambers (222±22, p<0.05, two-way ANOVA followed
by Bonferroni post hoc test; Fig. 2 C-D), revealing the presence of tonic pain in CFA-mice
with ongoing tissue injury.

CFA-induced evoked, but not non-evoked, pain behavior is blocked by adenosine
Adenosine is known to block evoked secondary hyperalgesia, but does not affect ongoing
pain, in humans 9. We, therefore, applied this drug one day after CFA. Spinal adenosine (3
μg in 5 μl saline, i.t.) effectively reversed CFA-induced mechanical allodynia (Fig. 3A) and
thermal hyperalgesia (Fig. 3B), while not altering mechanical and thermal sensitivity in
saline-pretreated control mice (Fig. 3 A-B). In the CPP test, adenosine did not produce CPP
in either CFA- or saline-pretreated mice (p>0.05, two-way ANOVA followed by Bonferroni
post hoc test, Fig. 3 C-D). These data are consistent with findings in humans, suggesting that
different mechanisms can be involved in evoked and non-evoked pain.

CPP unmasks ongoing neuropathic pain in SNL-mice
Spinal nerve ligation of lumbar L5/L6 nerves (SNL) is a commonly used experimental
model of neuropathic pain. We produced SNL in mice to determine if nerve injury was
accompanied by non-evoked pain. Mice exhibited long-lasting evoked pain behaviors to
probing by von Frey filaments (0.96±0.13g in sham- vs 0.07±0.03g in SNL-mice, p<0.001
on day 10, one-way ANOVA followed by Tukey post hoc test; Fig. 4A) and to radiant heat
challenge (10.50±0.60s in sham-mice vs 3.24±0.27s in SNL-mice, p<0.001 on day 10, one-
way ANOVA followed by Tukey post hoc test; Fig. 4B). In our previous studies, we have
found that SNL-induced evoked thermal and mechanical hypersensitivity lasted for at least
10 weeks in mice (Chen and Wang, unpublished data).

Clonidine (1 μg, i.t.) effectively attenuated both mechanical allodynia and thermal
hyperalgesia in SNL mice, with a rapid onset (< 20 min) and duration of action for at least
60 min, whereas SNL mice treated with saline (i.t.) maintained hypersensitivity to
mechanical and thermal stimuli (Fig. 4C-D). Sham- or SNL-operated mice were paired with
a randomly chosen chamber for 15 min after clonidine (i.t.) and tested 20 h later for chamber
preference. SNL-mice showed a robust preference for chambers paired with spinal clonidine
(334±13s) than saline chambers (192±17s, p<0.001, two-way ANOVA followed by
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Bonferroni post hoc test; Fig. 3C). In contrast, sham-mice did not increase time spent in
clonidine chambers (249±20s) when compared with time in saline-chambers (267±23s;
p>0.05, Fig. 4E). Analysis of “difference scores” indicated that clonidine produced CPP
only in SNL-mice (p<0.001, paired t test; Fig. 4F).

Similarly, lidocaine (0.04 % in 5 μL saline, i.t.) also transiently, but effectively, blocked
SNL-induced hypersensitivity to probing by von Frey filaments (Fig. 5A) and radiant heat
(Fig. 5B). When sham- or SNL-mice were paired with spinal lidocaine, sham-mice spent
similar duration of time in saline-chambers (263±23s) and lidocaine-chambers (235±15s)
(p>0.05). On the contrary, SNL-mice showed a strong preference for lidocaine-paired
chambers (348±33s) over saline-chambers (223±10s, p<0.001, two-way ANOVA followed
by Bonferroni post hoc test; Fig. 5C). These data were supported by the difference scores,
which revealed lidocaine-induced pain relief can elicit CPP in SNL-, but not sham-, mice
(p<0.01, paired t test, Fig. 5D).

Adenosine also effectively reversed SNL-induced tactile allodynia (Fig. 6A) and thermal
hyperalgesia (Fig. 6B) after a single bolus i.t. injection (3 μg). The anti-allodynic and anti-
hyperalgesic effects lasted for at least 60 min. Importantly, the drug’s peak anti-allodynic/
anti-hyperalgesic effect was rapidly achieved within 20 min. However, when sham- or SNL-
mice were paired with spinal adenosine and tested for chamber-preference 20 h later, all
mice spent about equal amount of time in saline-paired or adenosine-paired chambers (Fig.
6C, p>0.05). Therefore, adenosine that blocked evoked hypersensitivity did not produce
CPP in SNL mice (Fig. 6D).

Discussion
In this study, we tested the hypothesis whether injuries to tissues or to peripheral nerves
were accompanied by spontaneous or ongoing pain in mice. Since ongoing or spontaneous
pain can represent a tonic aversive state, relief of pain can produce CPP selectively in mice
with tissue or nerve injury. Critical to the study paradigm is the selection of drugs that do
not possess rewarding properties in naive animals and their administration at sites that are
not a part of the reward circuit. In our study, we employed spinal administration of relatively
low, but effective doses of clonidine, lidocaine, and adenosine. These drugs are not known
to be rewarding in naïve (i.e., uninjured) mice, for which we verified in our experiments that
these agents did not produce CPP in saline-treated, sham-operated, or untreated (data not
shown) naïve mice. However, in mice with ongoing tissue injury (by CFA) or after nerve
injury (by SNL), both clonidine and lidocaine produced robust CPP after a single
conditioning trial, which is consistent with the presence of ongoing spontaneous pain in
these mouse models of chronic pain. As expected, these drugs given spinally were able to
block evoked hypersensitivity in injured mice. As no place preference was observed with
these agents in uninjured mice, the data suggest the requirement for an aversive state that
may represent ongoing spontaneous pain.

Adenosine is known in humans to block evoked secondary hyperalgesia, but does not alter
ongoing pain 9. Indeed, adenosine attenuated evoked hypersensitivity to mechanical and
thermal stimuli in both CFA- and SNL-mice; however, it was not effective in eliciting CPP,
suggesting different mechanisms are involved in evoked and non-evoked pain in mice.

In addition to confirming our hypothesis, these data further validated the applicability of the
CPP method to unmask non-evoked ongoing pain in mice. Our results are in agreement with
data from recent reports using this approach in rats to detect non-evoked ongoing pain in
multiple pain states including peripheral nerve injury (SNL, SNI and partial or complete
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axotomy) 19, 30, intraplantar CFA 29, osteoarthritis pain 25 as well as in central neuropathic
pain 7.

Many studies have attempted to evaluate the presence of spontaneous or ongoing pain using
a variety of approaches (e.g.,16, 21-23, 34) with inconsistent results. Rats with chronic CCI or
SNI did not exhibit facial patterns that would be considered as a “pain face” by
experimenters 22. A more recent studied employed an automated home cage monitoring
system for feeding and drinking, locomotion and circadian patterns 12 and a wide battery of
behavioral tests for anxiety, depression, anhedonia, and social interaction 34. It found no
significant changes in these behavioral tests in mice with CFA or SNI when compared with
control mice 34. Importantly, mice with CCI showed decreased activity in the early time
period; however, the differences disappeared 2 weeks after CCI, a finding that was
inconsistent with persistent nature of nerve injury pain. Critically, this study concluded that
mice with tissue inflammation and nerve injury did not have significantly altered “quality of
life” or signs of ongoing pain in mice. This conclusion is opposite from the clinical
experience 2, 11, 17, 24 and appears to cast doubt on the validity of animal models employing
nerve injury, the current standard in pain research for neuropathic states. Collectively, these
findings underscore the difficulty of detecting ongoing or spontaneous pain preclincally
using behavioral measurements that are not specific for pain.

The data presented here reveal the presence of non-evoked ongoing pain in mice elicited by
either an inflammatory state or by peripheral nerve injury. Here, relief of pain can be
interpreted as eliciting a reward from negative reinforcement. The conclusions are consistent
with the human experience that pain is aversive and produces strong motivational drive to
seek relief 6. This approach has already produced insights into the central and peripheral
mechanisms leading to non-evoked pain in the rat 20, 29, 30. Furthermore, it was found that
ongoing pain may be mechanistically and temporally distinctive from evoked pain 29. For
these reasons, validation in mice of the use of negative reinforcement as a strategy to detect
non-evoked ongoing pain may allow future use of genetic strategies to explore mechanisms.

In summary, we report here the presence of non-evoked ongoing pain in mice with chronic
tissue inflammation (CFA) or following nerve injury (SNL). In addition, this study validates
the use of negative reinforcement to unmask non-evoked ongoing pain in mice. Considering
the existence of a large collection of transgenic and knockout mouse models, this approach
can now be employed to study molecular mechanisms that may underlie non-evoked
ongoing pain. In turn, it will help facilitate discovery of analgesic drugs for spontaneous or
ongoing pain that is the most relevant for patients with chronic pain.

Abbreviations

CCI chronic constriction injury

CFA complete Freund’s adjuvant

CPP conditioned place preference

SNI spared nerve injury

SNL L5/L6 spinal nerve ligation
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Figure 1.
Clonidine induced conditioned place preference (CPP) in CFA-, but not saline-, pretreated
mice.
(A-B). Complete Freund’s adjuvant (CFA) produced mechanical (A) and thermal
hypersensitivity (B), which were transiently attenuated by clonidine (1 μg in 5 μL saline,
i.t.). The sensory baseline (D0) was obtained before the injection of CFA on day 0. Post-
CFA data were obtained 24 h later (D1). After the administration of clonidine, mechanical
and thermal sensitivity were monitored for 120 min. * p<0.05, ** p<0.01, *** p < 0.001,
compared between CFA-clonidine and CFA-saline groups;. # p<0.05, ## p<0.01, ### p <
0.001, compared with the saline-saline group, one-way ANOVA followed by Tukey post
hoc test; n = 8 for each group. (C). Clonidine induced CPP in CFA-pretreated mice. After 3
d pre-conditioning, mice were tested to ensure the absence of chamber bias (“pre”). CFA-
pretreated mice (“CFA”) spent significantly longer time in clonidine-paired chamber,
whereas saline-pretreated mice (“saline”) showed no chamber preference. *** p < 0.001,
compared between the saline paired and clonidine paired group, two-way ANOVA followed
by Bonferroni post hoc test; n = 8 for each group.
(D) Difference scores (test time-preconditioning time spent in the clonidine chamber)
confirmed that CFA-, but not saline-, pretreated mice showed CPP to clonidine. ** p < 0.01,
paired t test; n = 8 for each group.
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Figure 2.
Lidocaine induced CPP in CFA-, but not saline-, pretreated mice.
(A-B). Complete Freund’s adjuvant (CFA) produced mechanical (A) and thermal
hypersensitivity (B), which were transiently attenuated by lidocaine (0.04 % in 5 μL saline,
i.t.). The sensory baseline (D0) was obtained before the injection of CFA on day 0. Post-
CFA data were obtained 24 h later (D1). After the administration of lidocaine, mechanical
and thermal sensitivity were monitored for 60 min. * p<0.05, *** p < 0.001, compared
between CFA-clonidine and CFA-saline groups;. # p<0.05, ### p < 0.001, compared with
the saline-saline group, one-way ANOVA followed by Tukey post hoc test; n = 8 for each
group.
(C). Lidocaine induced CPP in CFA-pretreated mice. After 3 d pre-conditioning, mice were
tested to ensure the absence of chamber bias (“pre”). CFA-pretreated mice (“CFA”) spent
significantly longer time in lidocaine-paired chamber, whereas saline-pretreated mice
(“saline”) showed no chamber preference. * p < 0.05, compared between the saline paired
and lidocaine paired group, two-way ANOVA followed by Bonferroni post hoc test; n = 8
for each group. (D) Difference scores (test time-preconditioning time spent in the lidocaine
chamber) confirmed that CFA-, but not saline-, pretreated CPP to lidocaine. * p < 0.05,
paired t test; n = 8 for each group.

He et al. Page 11

J Pain. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Adenosine blocked CFA-induced evoked hypersensitivity, but did not induce CPP in CFA-
mice.
(A-B). Complete Freund’s adjuvant (CFA) produced mechanical (A) and thermal
hypersensitivity (B), which were transiently attenuated by adenosine (3 μg in 5 μL saline,
i.t.). The sensory baseline (D0) was obtained before the injection of CFA on day 0. Post-
CFA data were obtained 24 h later (D1). After the administration of adenosine, mechanical
and thermal sensitivity were monitored for 120 min in saline- or CFA-mice. *** p < 0.001,
compared with the saline-adenosine group, one-way ANOVA followed by Tukey post hoc
test; n = 8 for each group.
(C). Adenosine did not produce CPP in CFA- nor saline-pretreated mice. After 3 d
preconditioning, mice were tested to ensure the absence of chamber bias (“pre”). CFA-
pretreated mice (“CFA”) and saline-pretreated mice (“saline”) showed no chamber
preference, by spending similar amount of time in saline- or adenosine-paired chambers, p >
0.05, two-way ANOVA; n = 8 for each group.
(D) Difference scores (test time-preconditioning time spent in the lidocaine chamber)
confirmed the absence of chamber preference. p > 0.05, paired t test; n = 8 for each group.
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Figure 4.
Clonidine induced conditioned place preference (CPP) in SNL mice.
(A-B). L5/L6 spinal nerve ligation (SNL) produced long-lasting mechanical (A) and thermal
hypersensitivity. *** p < 0.001, compared with the sham-operated group, one-way ANOVA
followed by Tukey post hoc test; n = 6 for each group.
(C-D). SNL-mechanical (C) and thermal hypersensitivity (D) were transiently attenuated by
clonidine (1 μg in 5 μL saline, i.t.). The sensory baseline (D0) was obtained before SNL on
day 0. After the administration of clonidine or saline in SNL mice on day 10, mechanical
and thermal sensitivity were monitored for 120 min. Sham mice were not treated and were
tested at the same time as additional controls for baseline. * p < 0.5, ** p < 0.01, *** p <
0.001, compared between SNL-clonidine and SNL-saline groups; # p<0.05, ### p < 0.001,
compared with the sham group, one-way ANOVA followed by Tukey post hoc test; n = 6
for each group.
(E). Clonidine induced CPP in SNL mice. After 3 d pre-conditioning, mice were tested to
ensure the absence of chamber bias (“pre”). SNL-mice spent significantly longer time in
clonidine-paired chamber, whereas sham-operated mice showed no chamber preference. ***
p < 0.001, compared between the saline paired and clonidine paired group, two-way
ANOVA followed by Bonferroni post hoc test; n = 6 for each group.
(F) Difference scores (test time-preconditioning time spent in the clonidine chamber)
confirmed that SNL-, but not sham-, mice exhibited CPP to clonidine. *** p < 0.001 paired t
test; n = 6.
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Figure 5.
Lidocaine induced conditioned place preference (CPP) in SNL mice.
(A-B). SNL-induced mechanical (A) and thermal hypersensitivity (B) were transiently
attenuated by lidocaine (0.04% in 5 μL saline, i.t.). The sensory baseline (D0) was obtained
before SNL on day 0. After the administration of lidocaine or saline in SNL mice on day 10,
mechanical and thermal sensitivity were monitored for 60 min. Sham mice were not treated
and were tested at the same time as additional controls for baseline. *** p < 0.001,
compared between SNL-lidocaine and SNL-saline groups; ### p < 0.001, compared with the
sham group, one-way ANOVA followed by Tukey post hoc test; n = 6 for each group.
(C). Lidocaine induced CPP in SNL mice. After 3 d pre-conditioning, mice were tested to
ensure the absence of chamber bias (“pre”). SNL-mice spent significantly longer time in
lidocaine-paired chamber, whereas sham-operated mice showed no chamber preference. ***
p < 0.001, compared between the saline paired and lidocaine paired group, two-way
ANOVA followed by Bonferroni post hoc test; n = 6 for each group.
(D) Difference scores (test time-preconditioning time spent in the lidocaine chamber)
confirmed that SNL-, but not sham-, mice exhibited CPP to lidocaine. ** p < 0.01 paired t
test; n = 6.
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Figure 6.
Adenosine blocked SNL-induced evoked mechanical allodynia and thermal hyperalgesia,
but did not induce CPP in SNL-mice.
(A-B). Spinal nerve ligation (SNL) produced mechanical (A) and thermal hypersensitivity
(B), which were transiently attenuated by adenosine (3 μg in 5 μL saline, i.t.). After the
administration of adenosine, mechanical and thermal sensitivity were monitored for 120 min
in saline- or SNL-mice. * p < 0.05, *** p < 0.001, compared with the sham-adenosine
group, oneway ANOVA followed by Tukey post hoc test; n = 8 for each group.
(C). Adenosine did not produce CPP in SNL- or sham-operated mice. After 3 d
preconditioning, mice were tested to ensure the absence of chamber bias (“pre”). SNL- and
sham-operated mice showed no chamber preference, by spending similar amount of time in
saline- or adenosine-paired chambers, p > 0.05, two-way ANOVA; n = 8 for each group.
(D) Difference scores (test time-preconditioning time spent in the lidocaine chamber)
confirmed the absence of chamber preference, p > 0.05, paired t test; n = 8 for each group.
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