‘.\' frontiers

in Behavioral Neuroscience

ORIGINAL RESEARCH
published: 28 September 2016
doi: 10.3389/fnbeh.2016.00183

OPEN ACCESS

Edited by:
Nuno Sousa,
ICVS, University of Minho, Portugal

Reviewed by:

Katerina Vladimirovna Savelieva,
University of Texas MD Anderson
Cancer Center, USA

Gordon Alfred Barr,

Children’s Hospital

of Philadelphia, USA

*Correspondence:
Jin-Yan Wang
wangjy@psych.ac.cn

Received: 25 May 2016
Accepted: 14 September 2016
Published: 28 September 2016

Citation:

Wang N, Li S-G, Lin X-X, Su Y-L,

Qi W-J, Wang J-Y and Luo F (2016)
Increasing Pain Sensation Eliminates
the Inhibitory Effect of Depression on
Evoked Pain in Rats.

Front. Behav. Neurosci. 10:183.

doi: 10.3389/fnbeh.2016.00183

Check for
updates

Increasing Pain Sensation Eliminates
the Inhibitory Effect of Depression on
Evoked Pain in Rats

Ning Wang', Sheng-Guang Li', Xiao-Xiao Lin "2, Yuan-Lin Su’, Wei-Jing Qi’,
Jin-Yan Wang "?* and Fei Luo "2

" CAS Key Laboratory of Mental Health, Institute of Psychology, Chinese Academy of Sciences, Beijjing, China, 2 University of
Chinese Academy of Sciences, Beijing, China

Although previous studies have suggested that depression may be associated with
inhibition of evoked pain but facilitation of spontaneous pain, the mechanisms underlying
these relationships are unclear. The present study investigated whether the difference
between evoked and spontaneous pain on sensory (descending inhibition) and affective
(avoidance motivation) components contributes to the divergent effects of depression
on them. Depressive-like behavior was produced in male Wistar rats by unpredictable
chronic mild stress (UCMS). Tone-laser conditioning and formalin-induced conditioned
place avoidance (F-CPA) were used to explore avoidance motivation in evoked and
spontaneous pain, respectively. Behavioral pharmacology experiments were conducted
to examine descending inhibition of both evoked (thermal stimulation) and spontaneous
pain behavior (formalin pain). The results revealed that the inhibitory effect of depression
on evoked pain was eliminated following repeated thermal stimuli. Avoidance behavior in
the tone-laser conditioning task was reduced in UCMS rats, relative to controls. However,
avoidance motivation for formalin pain in the UCMS group was similar to controls. 5-HT 1
receptor antagonism interfered with inhibition of pain responses over time. The present
study demonstrated that the inhibitory effect of depression on evoked pain dissipates
with increased nociception and that the sensory-discriminative and affective-motivational
components of pain are jointly involved in the divergent effects of depression on pain.

Keywords: unpredictable chronic mild stress, pain, serotonin, descending inhibition, avoidance motivation

INTRODUCTION

Comorbidity of pain and depression is common (Ohayon and Schatzberg, 2003; Poole et al.,
2009; Fitzgibbon et al., 2016), with prior reports indicating that average of 65% patients with
depression suffer from pain (Bair et al., 2003). Clinical studies have indicated that patients in
a depressed state have elevated pain perception (Jaracz et al, 2016). Meanwhile, laboratory
studies have documented reduced sensitivity to thermal (Bér et al., 2005; Boettger et al., 2013),
electrical (Bar et al., 2005; Marsala et al., 2015), or mechanical (Graff-Guerrero et al., 2008)
forms of pain in patients with depression. This contradiction was somewhat perplexing until
Shi et al. (2010a,b) discovered that depression has opposite effects on spontaneous vs. evoked
pain in animal models (Wang et al., 2010). They demonstrated that depression inhibited
stimulus-evoked pain responses but facilitated spontaneous (stimulus-independent) pain
behaviors, even in animals experiencing concurrent spontaneous and evoked pain (Su et al., 2010).
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Hence, new questions emerged regarding how depression could
have opposite effects on different forms of pain.

Differences in the intrinsic characteristics of stimulus-
evoked and spontaneous pain may explain the aforementioned
seemingly contradictory effects. With respect to external
behaviors, spontaneous pain, which is persistent and
unavoidable, induces stronger nocifensive behaviors (e.g.,
continuous licking; Tjolsen et al., 1992) than does brief thermal
or electrical stimulation, which induce only simple nociceptive
responses (e.g., paw withdrawal). Neurologically, spontaneous
pain involves much more supraspinal processing than does
evoked pain, including activation of the endogenous descending
inhibitory system (Omote et al, 1998) and involvement of
emotional processing in cortical and subcortical circuits (Cao
et al,, 2009, 2014; Jiang et al., 2014). Evoked pain may induce
less pain-related emotion because it is transient and avoidable
(Lumley et al., 2011). Indeed, the amygdale, a key site of
emotional processing, has been shown to be activated by
persistent pain, but not by acute experimental pain (Kulkarni
et al., 2005).

Depression and pain share common neuroanatomical
pathways and neurobiological substrates (Gambassi, 2009;
Ledermann et al.,, 2016). Pathways altered by depression may
interact with multiple components of pain processing. Studies
have demonstrated that the serotoergic dysfunction plays an
important role in the development of depression (Kaufman
et al., 2016). Meanwhile, the sensory-discriminative dimension
of pain is modulated by endogenous descending inhibitory
serotonergic pathway (Ossipov et al., 2014). Therefore, the
deletion of serotonin may decrease the modulatory effect of this
descending pain system (Bair et al., 2003). Although amotivation
and anhedonia are core symptoms of depression (Agren and
Reibring, 1994; Nestler and Carlezon, 2006; Treadway and Zald,
2011), the effect of depression on the affective-motivational
dimension of pain is unclear. Our previous electrophysiological
studies showed that depression altered processing patterns
and information interactions in the medial (affective) pain
pathway, which suggested that a depressive state may influence
pain affection (Wang et al., 2013). However, direct evidence is
needed to clarify how depression influences the pain-avoidance
motivation.

Based on the aforementioned findings and implications,
we hypothesized that differences in the sensory-discriminative
dimension (i.e., pain intensity) and the affective-motivational
dimension (i.e., avoidance motivation) between evoked and
spontaneous pain may account for the divergent effects of
depression on evoked vs. spontaneous pain. To test this
hypothesis, we conducted a series of behavioral experiments
in rats: (1) Multiply repeated thermal stimulations were
used, in order to produce a higher level of pain intensity.
We expected to observe a transition from an inhibitory to
facilitatory effect of depression modulation on evoked pain; (2)
Using tone-laser conditioning paradigm and formalin-induced
conditioned place avoidance (F-CPA) paradigm, we established a
relationship between evoked/spontaneous pain and tone/context
and examined the avoidance motivation for both conditions
in rats subjected to unpredictable chronic mild stress (UCMS).

The behavioral reactions induced by conditioned tone could
reflect the avoidance motivation of evoked pain (Li et al., 2012),
and the conditioned place avoidance behavior was used to
investigate the response motivated by ongoing pain (Johansen
et al., 2001; Navratilova and Porreca, 2014). We predicted
that the amotivation symptom of depression may lead to
decreased pain-avoidance motivation, thus contributing to the
inhibitory effect of depression on evoked pain; and (3) Given
that monoamine neurotransmitters are shared by pain and
depression (Han and Pae, 2015; Kaufman et al, 2016), we
hypothesized that alteration of nociceptive sensitivity in the
depressive state may be mediated, at least in part, via serotonin
(5-HT) receptors. To test this hypothesis, we examined the effects
of 5-HT;a receptor antagonism on behaviors associated with
repeated thermal evoked pain and with ongoing spontaneous
pain.

MATERIALS AND METHODS

Animals

A total number of 151 male Wistar rats (220-250 g) from
the Laboratory Animal Center of the Academy of Military
Medical Science were used in this study. All rats were
housed individually in specific pathogen free conditions.
Food and water were available free. The UCMS-exposed and
control groups were kept in separated rooms so that their
environments could be manipulated independently. The rooms
were maintained at 22 £+ 2°C with a standard 12-h light-
dark cycle (lights on at 07:00 am). Testing was performed
during the light cycle. Rats were acclimated for 1 week before
the experiments, and they were handled gently 3~5 min
per day by the experimenter. All experimental procedures
were approved by the Institutional Review Board of the
Institute of Psychology, Chinese Academy of Sciences (No.
A12013).

Experimental Design

This study includes three sets of experiments. In the first
experimental set, 12 rats were randomly and equally assigned
to UCMS and control groups. We examined the nociceptive
responsivity (thermal nociceptive thresholds for paw withdrawal)
of animals subjected to UCMS relative to no-UCMS controls with
the aim of probing whether the divergent effect of depression on
pain may be related to nociceptive sensitivity.

In the second experimental set, we examined avoidance
behavior in two distinct conditioning paradigms, i.e., tone-laser
conditioning and F-CPA, using UCMS vs. control rats: the tone-
elicited response is thought to reflect motivation to avoid evoked
pain, whereas the behavioral expression in F-CPA task indicates
motivation to avoid spontaneous/ongoing pain. In the tone-laser
conditioning, 23 rats were randomly divided into UCMS (n = 13)
and control groups (n = 10). In the F-CPA task, 68 rats were
randomly allocated into UCMS (n = 38) and control groups
(n = 30). There were 18 rats in UCMS group and 14 rats in
control group received 2.5% formalin injection and the other rats
were injected with 5% formalin.
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Finally, in the third experimental set, we examined the effects
of systemic 5-HT antagonism on nociceptive responsivity in
both evoked pain (from thermal stimulus) and spontaneous
pain (from formalin injection) paradigms in behaviorally naive
(no UCMS) animals. Forty-eight naive rats were randomly
and equally divided into treatment and control groups. In
each group, half rats were used in thermal pain test and the
other half in formalin test. In the treatment group, 5-HTa
receptor antagonist WAY-100635 (0.3 mg/kg, Sigma-Aldrich)
was injected subcutaneously 30 min before pain testing. The
control group was injected with the same volume of saline.

UCMS Procedure

The UCMS animal model is a classic depression model (Willner
et al., 1987). As described in our previous studies (Shi et al.,
2010b; Wang et al., 2013), the following stressors were presented
in a pseudo-random order during each weekly cycle: exposure
to a hot room (40°C, two 30-min periods), water deprivation
(22-h and 40-h periods), empty water bottle (one 1-h period,
exposure to empty water bottle immediately after one 40-h
period of water deprivation), cage tilt (45°, 8-h and 16-h
periods), intermittent white noise (75 dB, 2-h and 5-h periods),
novel odor (two 16-h periods), overnight illumination (two
16-h periods), exposure to a cold room (10°C, two 30-min
periods), soiled bedding (two 16-h periods), food deprivation
(20-h and 22-h periods), restricted access to food (one 3-h
period, two small pieces of pellet in each cage following
one 20-h period of food deprivation), and strobe light (7-h
and 8-h periods). The UCMS exposure period was 4 or 6
weeks.

Depressive-Like Behavior

Sucrose preference tests were performed weekly before and
during the UCMS exposure period. This test was conducted
in each rat’s home cage for 1 h, following a 22-h period of
food and water deprivation. Two bottles, one containing sucrose
solution (1%) and the other containing water, were presented
simultaneously to each rat. Sucrose preference was calculated
according to the formula:

% sucrose preference =

sucrose solution consumption
x 100

(sucrose solution consumption + water consumption)

Evoked Pain Test

Radiant heat was used to induce thermal evoked pain. The
apparatus and test for thermal evoked pain were the same as
described in our previous studies (Shi et al., 2010b; Su et al.,
2010). Briefly, the animals were placed in a Plexiglas chamber
with a glass floor beneath which a radiant heat apparatus
(10 W projector bulb) was situated. Light was focused on
the plantar surface of a hindpaw. Paw withdrawal latency
(PWL) induced by the thermal stimulation was adopted as
a measure of pain thresholds. A cutoff time of 22 s was
imposed to prevent tissue damage. The inter-stimulus interval
was 40~60 s.

In the formalin test, a subcutaneous injection of 5% formalin
(50 wl) was delivered into the plantar surface of a hindpaw.
The rat was returned to the testing chamber immediately. A
computer-based video recording system was used to record each
animal’s behavior for 60 min. Time spent licking the affected
paw was calculated for each 5 min interval within the recording
period.

Tone-Laser Conditioning

Apparatus and Conditioning

A custom-designed Plexiglas chamber (22 x 22 x 30 cm)
was used (Li et al., 2012). The chamber had holes (3-mm
diameter at 3-mm intervals) in the bottom and a speaker on its
back wall. Tones (80 dB, 2900 Hz, 100-ms duration) from the
speaker were used as the conditioned stimuli (CS). A noxious
laser radiation beam in the infrared spectrum (10.6-pum wave
length, 20 ms pulse width) generated from a surgical CO? laser
stimulator (Model DM-300, Changchun Institute of Optics, Fine
Mechanics and Physics, Chinese Academy of Science) served
as the unconditioned stimulus (US). The laser beam projection
was guided by a helium laser that produced a red light spot,
it was applied to the plantar surface of the rat hindpaw with a
1-mm diameter. The location of the stimulation site was varied to
avoid skin damage, sensitization, or habitation. Between rats, the
chamber was cleaned with 75% alcohol. To ensure an equivalent
sensation level, the laser power was set to the intensity that
induced a 70% withdrawal response (7 out of 10 attempts) for
each rat. In each pairing trial, the tone cue (CS) was presented 5 s
before the laser stimulation (US). The average inter-trial interval
was 75 s (range 60~90 s). The tone-laser conditioning included
three phases: baseline (10 trials of tone alone), conditioning (30
trials of tone-laser pairing), and extinction (30 trials of tone
alone).

Behavioral Assessment

Stimulus-elicited behaviors (Fan et al., 1995; Li et al., 2012) were
scored as follows: 0, immobility; 1, head turning (shaking or
elevating the head); 2, flinching (a small abrupt jerking body
movement); 3, withdrawal (retracted of the paw away from
the stimulus) or licking (paw retraction flowed by licking of
that paw); and 4, body movement (body turning and running).
The rats were videotaped throughout the experiment. Only the
maximum score was recorded within each trial. The behavioral
responses were assessed by cumulative scores for every five
successive trials.

F-CPA

The F-CPA experiments were conducted in a plastic chamber
(75 x 30 x 30 cm, length x width x height) with three
in-line compartments. Formalin was paired with one of two
“conditioning” (end) compartments (30 x 30 x 30 cm). The
third (middle) compartment (15 x 30 x 30 cm) was “neutral”
compartment. Distinct tactile and visual cues characterized the
three compartments. One conditioning compartment had a grid
floor with vertical stripes on the walls, whereas the other had
a holey floor with horizontal stripes. The neutral compartment
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had walls that were uniform in color (black) and a plain
floor.

The CPA procedure included three phases (Jiang et al., 2014):
baseline (pre-training), conditioning (training) and testing. In
the baseline phase (days 1 and 2), rats were allowed to explore
the three compartments freely for 900 s. The time spent in each
compartment and locomotor distance in the whole chamber were
measured automatically (MacroAmbition S&T Development,
Beijing, China) and averaged across the two baseline days.
Baseline place preference testing confirmed that the animals
showed no initial preferences for either of the conditioning
compartments before conditioning. The conditioning phase
included and aversive conditioning trial and an unpaired trial
(random between day 3 and 4). In the conditioning trial, rats were
given an intraplantar injection of 2.5% or 5% formalin (50 wl)
into the right hindpaw and were confined randomly to one of the
conditioning compartments for 1 h. On the other conditioning
day, each rat was confined in the opposite compartment for 1 h
without any treatment. At the test session (day 5), each rat was
given free access to the three compartments. The time spent in
each compartment was recorded and measured automatically as
in the baseline phase.

Data Analysis

Statistica v10.0 (StatSoft, Inc., Tulsa, OK, USA) and GraphPad
Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA)
were used for statistical analyses and graph generation. The
pain thresholds, duration of licking data, data of avoidance
behaviors were analyzed using two-way analysis of variance
(ANOVA) followed by Duncan’s multiple comparison test.
The Student’s t-test was employed when two groups were
compared. The data were presented as the mean + standard
error of the mean (SEM). The statistical significance was set at
P < 0.05.

RESULTS

Depressive State Produces Hypoalgesia
Selectively in early Repeated Thermal

Stimulation Trials

As shown in Figure 1A, compared to control rats not subjected
to UCMS, rats subjected to UCMS for 6 weeks gained less
weight (t(10) = 3.994; P < 0.01) and exhibited a reduced sucrose
preference (t(19) = 7.721; P < 0.001), confirming that the UCMS
protocol produced the expected depressive state model. Analysis
of thermal nociceptive thresholds revealed that the UCMS (i.e.,
depressive) group had longer PWLs than the control group
in the early trials, but that this difference dissipated gradually
with additional trials. As shown in Figure 1B, analyzing PWLs
averaged over serial trial sets (10 trials/set), the difference was
expressed in the first 10 trials (post hoc, p < 0.001), and no
longer detectable since the next 10 trials were averaged. Besides,
we confirmed that PWL changed over the progression of trials
(two-way ANOVA, time effect: F5509) = 89.176, P < 0.0001;
group effect: F(;50 = 0.088, P = 0.773; interaction effect:
F(5,50) = 6.765, P < 0.001). Both groups exhibited shorter PWLs
(more rapid withdrawal) in later trial sets than in trials 1-10,
and the hypoalgesia exhibited by the UCMS group, relative to
the control group, in trials 1-10 was no longer evident in later
trials.

Effects of Depressive State on
Pain-Related Avoidance Motivation
Tone-Laser Conditioning: Avoidance Motivated by
Evoked Pain

Significant depressive like characteristics, namely less weight gain
(try = 17.84; P < 0.001) and a reduced sucrose preference
(tey = 4.697; P < 0.001) relative to controls, were again
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FIGURE 1 | The depressive-like behavior and nociception of repeated thermal stimuli. (A) Body weight gain and sucrose preference in the 6th week of
unpredictable chronic mild stress (UCMS). Body weight gain is the weight difference between the conclusion of 6 weeks of UCMS and immediately before beginning
UCMS. (B) Paw withdrawal latencies (PWLs) averaged in serial 10-trial bins of repeated thermal stimuli. The dotted-box highlights the UCMS-related reduction in
nociception sensitivity. **P < 0.01, ***P < 0.001 vs. control group. #P < 0.01, ##P < 0.001 vs. trials 1~10 of control group. ***P < 0.001 vs. trials 1~10 of the
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confirmed after 6 weeks of UCMS (Figure 2A). As shown
in Figure 2B, no difference was observed between the two
groups during the baseline session. During the training session,
UCMS rats exhibited less avoidance in response to the tone
cue than control rats, with the difference being particularly
pronounced in the first five trials (Two-way ANOVA, time effect:

F(s5,105 = 11.114, P < 0.0001; group effect: F(1 105 = 19.135,
P < 0.001; interaction effect: F(5105y = 2.243, P = 0.055).
During the extinction session (CS presented without US),
avoidance behaviors extinguished more rapidly in the UCMS
group than in the control group (Two-way ANOVA, time effect:
F(5)105) = 38.431, P < 0.0001; group effect: F(l,lOS) = 62.374,
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FIGURE 2 | Effect of UCMS exposure on laser-evoked nociceptive avoidance motivation. (A) Body weight gain (relative to before UCMS) and sucrose
preference after 6 weeks of UCMS. (B) Tone-induced behavior before conditioning (baseline), during tone-laser conditioning and at the test session (extinction).
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P < 0.0001; interaction effect: Fs105 = 2.624, P < 0.05).
The above results indicated that the pain-motivated avoidance
was weakened under the conditions of long-term stress
exposure.

F-CPA: Avoidance Motivated by Ongoing Pain

Significant depressive-like characteristics, namely less weight
gain (66 = 15.02; P < 0.001) and a reduced sucrose preference
(tes) = 8.289; P < 0.001) relative to controls, were confirmed
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after 5% formalin injection in training session (left) and subsequent avoidance of the conditioned compartment behavior. *P < 0.05, **P < 0.01, ***P < 0.001 vs.
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after 4 weeks of UCMS in the UCMS group (Figure 3A).
UCMS had facilitatory effect of formalin pain responsivity
at both intensities (2.5% (Figure 3B) and 5% (Figure 3C)
intraplantar formalin injection), as evidenced by significantly
increased licking time during the F-CPA training session for
the UCMS group, compared with the control group (2.5%
formalin: group effect: F(133) = 40.575, P < 0.0001; 5%
formalin, group effect: F(1 374y = 5.324, P < 0.05). Interestingly,
for both the 2.5% formalin (Figure 3B) and 5% formalin
(Figure 3C) intensities, conditioned avoidance behavior at
testing was similar between the UCMS and control groups
(2.5% formalin: group effect: F(139) = 0.480, P = 0.494; 5%
formalin: group effect: F(; 34y = 0.338, P = 0.565). Both groups
spent less time in the aversively conditioned compartment
during the test session than during the pre-training session
(2.5% formalin: session effect F(;30) = 22.22, P < 0.0001;
interaction: F(;30) = 0.637, P = 0.431; 5% formalin: session
effect F(134y = 14.14, P < 0.001; interaction F(; 34 = 0.382,
P =0.541).

Involvement of 5-HT in Pain Response

Behavior

Systemic blockade of 5-HT 5 receptors with WAY-100635 before
thermal pain testing resulted in shorter PWLs in the evoked
thermal pain test, relative to saline-injected controls, with the
effect becoming evident after 40 trials (Figure 4A). A two-way
ANOVA demonstrated main effects of time (F,132) = 77.75,
P < 0.0001) and group (F(,132) = 4.772, P < 0.05) on PWL
and a time x group interaction (F(s132) = 2.324, P < 0.05).
Similarly, as shown in Figure 4B, in the spontaneous pain
paradigm, time spent licking in response to a 5% formalin
injection into the hindpaw was elevated by 5-HT;5 receptor
antagonism, with the effect being particularly pronounced in
the second phase of the experiment (15-60 min). A two-way

ANOVA revealed main effects of time (F(1242) = 22.569,
P < 0.0001) and group (F(1,242) = 6.809, P < 0.05), as well
as a significant time x group interaction (F(11,242) = 2.075,
P < 0.05).

DISCUSSION

In the present study, we investigated the effects of depression
on both sensory and affective-motivational components of
evoked vs. spontaneous pain in rats. In the first set of
experiments, we found that depressed rats exhibited decreased
sensitivity to noxious thermal stimuli in early (<10) trials,
and the inhibitory effect vanished with further repetition
of the stimulus. Thus, multiple repetitions of nociceptive
stimuli are responded to differently than a single or sparse
exposure to the stimulus. This result supports our hypothesis
that the divergent modulatory effects of depression on pain
depend on nociceptive sensitivity. Although the reverse effect
(i.e., shortened PWLs) was not observed, the collapse of the
inhibitory effect with stimulus repetition may suggest a tendency
of transition from depressive inhibition to facilitation. In
the second set of experiments, the UCMS animals exhibited
reduced avoidance of both evoked and spontaneous pain.
These findings support our hypothesis that depressed subjects
tend to ignore mild pain while focus on intense pain and,
further, suggest that the depressive state was associated with
a weakened intrinsic motivation for pain avoidance. Finally,
in our third experimental set, using naive (no UCMS) rats,
we found that blockade of 5-HT;s receptor transmission
resulted in more pronounced pain avoidance behaviors (i.e.,
decreased PWL to more than 40 trials thermal stimuli and
more licking in response to spontaneous pain), indicating that
descending inhibition of nociceptive sensitivity is mediated,
at least in part, by serotonergic efferents. Thus, together, our
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results indicate that both sensory and affective components
contribute to the divergent modulatory effects of depression on
pain.

Increasing Pain Sensation Eliminates
Inhibitory Effects of Depression on Evoked
Pain

Divergent effects of depression on evoked and spontaneous
pain have been found in both human and rodent studies
(Shi et al.,, 2010b; Li, 2015). Previous studies have focused
mainly on the phenomenological conflict rather than clarifying
differences between types of pain. Studies involving transient
experimental evoked pain, in animal or human subjects, avoid
primary hyperalgesia by prolonging the inter-stimulus interval
or reducing the stimulus number (Iwata et al, 1994). In
previous animal studies, the numbers of thermal stimuli were
minimized (3~5 trials) and the inter-stimulus intervals were
usually longer than 1 min (Hargreaves et al, 1988; Dirig
et al., 1997; Shi et al,, 2010b) to prevent central sensitization.
However, spontaneous pain (modeled by the formalin test),
can produce peripheral and central sensitization (Coderre and
Melzack, 1992). Indeed, in the present study, we confirmed
that induction of sensitization itself can lead to distinct
modulatory effects of depression on pain. Our results support the
notion that depression-related modulation of pain responsivity
is related to the intensity of nociception and suggest that
differences in subjective pain perception may contribute to
the divergent effects of depression on evoked vs. spontaneous
pain.

In addition, the latency to withdraw the paw depends
on many factors, in particular, the local skin temperature
(Vidal and Jacob, 1986). Studies have demonstrated that acute
exposure to stress often lead to an increase in vasomotor
tone and thus a drop in body temperature, which may
influence the latency to thermal stimulation. However, it
should be noted that the UCMS model represents a chronic
stress, which may be different from the acute stress. For
example, we have found that the plasma level of corticosterone
remained unchanged after UCMS exposure (Shi et al., 2010b).
It has been proposed that there is an adaptive response of
HPA (hypothalamic-pituitary-adrenal) axis in the presence of
prolonged high glucocorticoid concentrations (Azpiroz et al,
1999; Pignatelli et al., 2000). Therefore, chronic stress may
not cause the decrease of skin temperature. In addition, our
previous studies have demonstrated that UCMS exposure could
increase nociceptive thresholds to both thermal and mechanical
stimuli in rats, indicating that the inhibitory effect of depression
on evoked pain is a robust phenomenon and may not be
affected by stimulus type and local skin temperature (Shi et al.,
2010a).

Serotonergic dysfunction during depression have been
believed to be one of the factors that influence the perception
of pain (Kundermann et al, 2009). Previous studies have
shown that a deficiency in serotonin neurotransmission in
the central nervous system contributes to the development
of depression (Belmaker and Agam, 2008; Kaufman et al,

2016). The 5-HT neurons have both ascending and descending
projections (Steinbusch, 1981; Tork, 1990). The ascending fibers
project to broad areas of brain, such as forebrain, hippocampus
and limbic system (Fischer et al., 1995; El Mansari et al,
2015), suggesting a role that ascending serotonin pathway plays
in emotion and cognition. By contrast, the descending 5-HT-
ergic fibers contribute more to physiological responses (Jacobs
and Azmitia, 1992). There is evidence that spinal nociceptive
transmission is modulated by serotonergic fibers descending
from raphe nuclei in medulla to spinal cord (Mann and
Malone, 1997; Delgado, 2000). In the present study, 5-HT ;s
receptor antagonism experiment demonstrated involvement
of an endogenous analgesia system in pain responsivity and
suggested that serotonergic pathways underlying intensity effects
on nociception may affect the depression-related modulation
of pain. Impairment in monoamine pathways can weaken the
supraspinal descending inhibition and thus lead to aggravation
of pain (Burke et al, 2010). In classic models of evoked
pain, the nociception is always too weak to activate this
descending inhibitory system; consequently and theoretically,
the stimulus-evoked nociception could not be influenced by
depression in the sensory level. However, for spontaneous
pain, induction of central sensitization (LaMotte et al., 1991;
Tjolsen et al., 1992) and the activation of the descending
pain inhibitory system by supraspinal processing (Treede
et al, 1992; Urban and Gebhart, 1999; Urban et al., 1999
Schaible et al., 2002) are important phenomena relative to
elucidating the interaction of depression and the enhanced pain
responsivity.

Given our 5-HT receptor antagonism experimental results, we
posit that 5-HT deficiency in depression may influence analgesia
efficiency and thereby lead to the transitional modulation of
depression (from inhibition to facilitation) on different forms
of pain. Our results in animals are consistent with a prior
clinical report by Klauenberg et al. (2008), who found that
repetitive noxious mechanical stimuli induced increased wind-
up in patients with depressive disorder and suggested that a
central disinhibition mechanism may correlate with the influence
of depression on pain perception. Although the present findings
suggest that depression enhances intensive pain but ignores
mild pain in the sensory dimension, we still could not explain
why depression expressed inhibitory modulation on evoked
pain. Furthermore, we tried to find answer from the affective-
motivational dimension of pain.

Reduction in the Pain-Avoidance

Motivation Under Depressive Condition

Conditioning paradigms were widely used to evaluate the
affective-motivational components of pain (Fan et al., 1995; Shyu
et al, 2003). Here, we examined the conditioned avoidance
behavior induced by both evoked (tone-laser conditioning) and
spontaneous (F-CPA) pain and observed that UCMS-exposed
animals exhibited decreased avoidance motivation for evoked
pain while their avoidance motivation for ongoing spontaneous
pain appeared similar to that of controls. The former results
showed the inhibitory effect of depression on evoked pain
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whereas the latter result suggests that there are combined effects
of sensory intensity and affective-motivational level on avoidance
of spontaneous pain.

Given that lack of motivation is a core symptom of
depression (Nestler and Carlezon, 2006). It may be that reduced
responsivity to evoked pain in the depressive condition, which
is characterized by a hypo-active 5-HT system, may due to
decreased avoidance motivation. Regarding spontaneous pain, it
may be that increased pain stimulus delivery augments avoidance
motivation in the depressive state, though this effect might
be effectively canceled out by the amotivation symptom of
depression.

Anhedonia, evidenced by a reduced motivation to pursue
rewards, is a core symptom of depression (Mueller et al,
2015; Rizvi et al., 2016). However, the effects of depression
on avoidance motivation are unclear and may be complicated
(Dickson and MacLeod, 2004; Sherratt and MacLeod, 2013).
Fowles have suggested that depression produces decreased
approach motivation and increased avoidance motivation
(Fowles, 1988). Employing an Iowa Gambling task, Smoski
et al. (2008) observed risk aversion of depressed patients
suggestive of an increased avoidance motivation for potentially
rewarding environmental contexts. Seidel et al. (2010) found
that depressed women displayed stronger than typical avoidance
tendencies for negative facial expressions. However, Dickson
et al. (2011) did not find any differences in avoidance goals
between depressed and non-depressed subjects (Dickson and
MacLeod, 2004). These findings about approach and avoidance
motivation during depression may be related with two primary
motivational systems: the behavioral inhibition system (BIS)
and the behavioral activation system (BAS). The BIS refers to
inhibit ongoing behavior while processing cues of punishment
or non-reward and the BAS responds to reward or active
avoidance of punishment (Davidson, 1992; Harmon-Jones and
Allen, 1997; Balconi and Vanutelli, 2015). Previous studies
have mentioned that depression is related with an underactive
BAS and overactive BIS (Hundt et al, 2007), which may
contribute to the anhedonic symptoms (reduced response to
reward) and increased avoidance motivation (inhibited behavior
to punishment), respectively.

It should be noted that the meaning of avoidance motivation
may not be consistent across contexts (Coan and Allen, 2003).
In a majority of psychological studies, avoidance motivation is
defined as the desire to maintain a current state, to prevent
a negative outcome (Sherratt and MacLeod, 2013), which
may correlated with the BIS. However, in the context of
pain-avoidance, avoidance motivation may be more related to
withdrawal from the pain-related stimulus, which means an
active behavior to avoid punishment (the BAS). Therefore,
according to the low BAS sensitivity related with depression
(Bijttebier et al., 2009; Markarian et al., 2013), it is not a
surprise to observe the decreased pain-avoidance behavior in
UCMS rats. More importantly, the withdrawal from aversive
stimulus may not only involve the behavioral inhibition and
activation systems (BIS/BAS), but also the fight/flight system
(FFS; Davidson, 1992; Harmon-Jones and Allen, 1997). The
FFS responds to aversive stimuli with escape behavior and

could be aroused by pain and be arrested by depression
(Gilbert and Gilbert, 2003; Carvalho et al., 2013). Our findings
suggest that pain-avoidance motivation under depressive state
in rats could be related to the fight/flight stress response
system being simultaneously aroused by pain-related aversive
emotion and inhibited by depression. That is, due to an
inhibitory effect of depression on pain-avoidance motivation,
avoidance behaviors may be reduced during stimulus-evoked
nociception. By contrast, in F-CPA, increased formalin pain
responsivity in UCMS group may enhance the desire to
avoid the pain-paired context, but the enhanced desire
could have been masked behaviorally by depression induced
amotivation.

Limitations

A limitation that stressed animals were not included in the 5-HT
experiment should be addressed here. We have the following
considerations: (1) Systemic administration of 5-HT;4 receptor
antagonist in normal rats may mimic the effect of serotonin
depletion, as in the depressive condition; and (2) When animal
models of depression (i.e., animals of 5-HT deficiency) are
involved, further using 5-HT anatogonist in these animals may
lead to more complex and confusing results, for example, a
ceiling effect may occur, and we may not be able to determine
the specific role of 5-HT.

CONCLUSION

The present findings elucidating the divergent effects of
depression on evoked vs. spontaneous pain indicate that
inherent differences among pain models could contribute to
seemingly paradoxical phenomena in the literature, namely
depression-related inhibition of evoked pain but facilitation
of spontaneous/ongoing pain. We demonstrated that the
modulatory effect of depression on pain is related to nociceptive
stimulus intensity. On the other hand, our pattern of results
is consistent with the notion that the decreased motivation
associated with depression in the affective-motivational
component of pain may lead to a reduction in avoidance
behavior. Hence, global nociceptive behavior in a depressive
state appears to depend on the superposition of pain intensity
and avoidance-motivation.
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