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Pain Chronification and Chronic Pain Impair a Defensive Behavior, But
Not the Ability of Acute Pain to Facilitate It, Through the Activation of an

Endogenous Analgesia Circuit

Monaliza Simone Lamana and Josiane Miranda
State University of Campinas

Gláucia Tobaldini and Luana Fischer
Federal University of Parana

Cláudia Herrera Tambeli
State University of Campinas

The endogenous ability to decrease pain perception during life-threatening situations is crucial to the
prevention of recuperative behaviors and to leave the subject free to engage in appropriated defensive
responses. We have previously shown that acute pain activates the ascending nociceptive control—an
endogenous analgesia circuit dependent on opioid mechanisms within nucleus accumbens—to facilitate
the tonic immobility response, an innate defensive behavior. Now we asked whether chronic pain and
pain chronification impairs either the tonic immobility response or the ability of acute pain to facilitate
it by activating the ascending nociceptive control. We found a significant decrease in the duration of the
tonic immobility response in rats during the induction and maintenance phases of the persistent
mechanical hyperalgesia. This finding suggests that chronic pain and its development impair defensive
responses. However, during the induction and maintenance phases of persistent hyperalgesia, the
ascending nociceptive control activation, by a forepaw capsaicin injection, increased the tonic immobility
response, an effect prevented by the blockade of �-opioid receptors within nucleus accumbens. This
finding suggests that pain chronification and chronic pain do not prevent the ability of acute pain to
facilitate the defensive behavior of tonic immobility by activating the ascending nociceptive control.
Therefore, although chronic pain states decrease the ability to engage in a defensive behavior, they may
not prevent the expression of defensive behaviors during life-threatening situations accompanied by acute
pain. The biological purpose of such a mechanism may be to increase the chances of survival of a
wounded subject exposed to acute pain in a novel life-threatening situation.

Keywords: defensive behavior, persistent mechanical hyperalgesia, nucleus accumbens, ascending
nociceptive control, rat

Acute pain is essential to life, it signals that something is wrong
and a change in behavior is needed. However, during life-
threatening situations, the ability to suppress pain perception in
response to noxious stimulation is also essential to life preserva-
tion (Porreca & Navratilova, 2017). The temporary suppression of
acute pain perception prevents recuperative behaviors, leaving the
subject free to engage in appropriated defensive responses, a set of

species-specific reactions with the adaptive function of increasing
survival probability (Harris, 1996). The tonic immobility response
is an innate defensive response of profound inactivity and relative
lack of responsiveness to the environment (Klemm, 2001) that
occurs during prey–predator confrontations. The state of profound
inactivity during the tonic immobility response has the adaptative
function of increasing the chances of prey escaping, because it
decreases the predator’s interest in the attack (Thompson et al.,
1981). A neural mechanism able to decrease pain perception and
facilitate defensive behaviors would be of great value during
life-threatening situations. The ascending nociceptive control may
serve both purposes. It is a neural circuit physiologically activated
by peripheral noxious stimuli that induce potent heterosegmental
analgesia (Gear, Aley, & Levine, 1999; Gear & Levine, 2009) and
facilitates the immobility response (Tambeli et al., 2012). The
ascending nociceptive control includes spinal (Tambeli, Levine, &
Gear, 2009; Tambeli, Parada, Levine, & Gear, 2002; Tambeli,
Quang, et al., 2003; Tambeli, Young, et al., 2003) and nucleus
accumbens mechanisms (Schmidt, Tambeli, Barletta, et al., 2002;
Schmidt, Tambeli, Gear, & Levine, 2001; Schmidt, Tambeli,
Levine, et al., 2002; Schmidt, Tambeli, Levine, & Gear, 2003). In
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the spinal cord, the inhibition of ongoing excitatory neural activity
induces nucleus accumbens-mediated endogenous analgesia (Tam-
beli et al., 2002). To activate the ascending nociceptive control the
peripheral noxious stimulation activates inhibitory spinal mecha-
nisms that inhibits the ongoing spinal excitatory activity resulting
in heterosegmental analgesia mediated by endogenous opioids in
the nucleus accumbens (Tambeli, Quang, et al., 2003). For exam-
ple, the administration of the selective �-opioid receptor antago-
nist CTOP into nucleus accumbens prevents both the endogenous
analgesia and the facilitation of the tonic immobility response
induced by the activation of the ascending nociceptive control.
Therefore, nucleus accumbens is a key element of the ascending
nociceptive control and is involved in both the endogenous anal-
gesia and the facilitation of a defensive response.

Unlike acute pain, chronic pain has neither protective nor warn-
ing function for life preservation. Chronic pain develops in re-
sponse to complex neuroplastic mechanisms with poorly under-
stood consequences in different aspects of behavior. It is now clear
that chronic pain is associated with general decrease in motivation,
reward-related responses, and endogenous pain modulation (Ossi-
pov, Morimura, & Porreca, 2014; Simons, Elman, & Borsook,
2014), including the duration of ascending nociceptive control-
mediated analgesia (Ferrari, Gear, & Levine, 2010; Miranda et al.,
2015). However, whether chronic pain affects defensive behaviors
remains unknown. Therefore, in this study we asked whether
chronic pain and its development impair either the defensive
behavior of tonic immobility or the ability of acute pain to recruit
the ascending nociceptive control to facilitate it.

Experimental Procedures

Animals

Male adult Wistar rats (200 g to 300 g; n � 148, divided into 26
experimental groups) were used in this study. They were housed
five per cage with free access to food and water and were main-
tained under a 12-hr light–12-hr dark cycle. All animal experimen-
tal procedures and protocols were approved by the Committee on
Animal Research of the State University of Campinas, Brazil, and
followed the guidelines of the Ethics Standards of the International
Association for the Study of Pain in Animals (Zimmermann,
1983). Each animal was subjected to a single trial.

Drugs and Doses

Prostaglandin E2 (PGE2 100 ng/hindpaw), capsaicin (125 �g/
forepaw), and the selective �-opioid receptor antagonist CTOP
(Cys2, Tyr3, Orn5, Pen7amide, 1.0 �g bilaterally injected into the
nucleus accumbens) were obtained from Sigma-Aldrich (São
Paulo, SP, Brazil) and their doses were based on previous studies
(Ferreira, Lorenzetti, & De Campos, 1990; Gear et al., 1999;
Schmidt, Tambeli, Barletta, et al., 2002).

Stock solutions of PGE2 in 10% ethanol (1 �g/�l) were further
diluted in phosphate buffered saline (PBS) to a final concentration
of 3.33 ng/�l. The ethanol concentration of the final PGE2 solution
was 1%. Capsaicin was dissolved in ethanol (50%) and Tween 80
(50%) to an initial concentration of 50 �g/�l and further diluted in
PBS to a final concentration of 4.16 �g/�l. CTOP was dissolved
in PBS.

Paw Injections

Subcutaneous injections of drugs or their vehicle into the dor-
sum of the paw were performed using a 30-gauge needle attached
to a polyethylene tubing and also to a Hamilton syringe. Paw
injection volumes were 30 �l. PGE2 (or its vehicle) was injected
into the hindpaw to induce persistent inflammatory hyperalgesia
(see the following text) and capsaicin or its vehicle into the
forepaw.

Microinjections Into the Nucleus Accumbens

The rats were anesthetized with xylazine chloride (10 mg/kg)
and ketamine hydrochloride (60 mg/kg). Two 23-gauge stainless
steel guide cannulas were stereotaxically implanted bilaterally into
the nucleus accumbens core (1.3 mm rostral, 5.2 mm ventral, and
1.8 mm from the bregma; Paxinos & Watson, 2007). The cannulas
were then fixed to the skull with a screw and dental cement.
Intraaccumbal injections were performed seven days later, via the
insertion of a 30-gauge stainless steel injection cannula extending
2 mm beyond the tip of the outer guide cannula, attached to a
polyethylene tubing and also to a 2-�l Hamilton syringe. Nucleus
accumbens injection volumes was 0.25 �l and was delivered over
a period of 120 seconds. The injection cannulas were kept in place
for another 30 seconds after injection to avoid backflow. Injection
sites were confirmed by injecting Evans blue dye (1%, 0.25 �l)
and performing 50-�m postmortem coronal sections to determine
the location of the dye (Tobaldini, Aisengart, Lima, Tambeli, &
Fischer, 2014).

Chronic Pain Model: Persistent Inflammatory
Hyperalgesia

The PGE2-induced persistent mechanical hyperalgesia model
has been previously described (Ferreira et al., 1990). Briefly, PGE2

(100 ng/30 �l) was daily injected into the subcutaneous tissue of
the dorsal surface of the rat’s hindpaw for 14 days (induction phase
of persistent hyperalgesia). After the discontinuation of the PGE2

injection, the mechanical hyperalgesia persists for 30 days (main-
tenance phase of persistent hyperalgesia). The development of
persistent inflammatory hyperalgesia and its intensity were as-
sessed by measuring the mechanical nociceptive threshold on Days
1, 7, and 14 of the induction phase (measurements made before the
PGE2 injection) and on Days 1, 7, 14, and 21 of the maintenance
phase of persistent mechanical hyperalgesia.

Nociceptive Testing

The nociceptive mechanical thresholds were determined using
the paw withdrawal test (Randall & Selitto, 1957) and used as a
measure of nociceptive activity. The mechanical paw-withdrawal
test was performed in a blinded fashion, always before the PGE2

injections. Briefly, an algesiometer (Ugo Basile, Varese, Italy) was
used to apply a progressively increasing mechanical force (in
grams) to the dorsal surface of the rat’s hindpaw until the animal
withdrew its paw. The nociceptive mechanical threshold is defined
as the force (mean of three readings) in grams at which the rat
withdrew its paw. Hyperalgesia is characterized by a significant
decrease in mechanical paw withdrawal threshold.
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Assessment of Tonic Immobility Response

Each rat was lifted off its feet by grasping its skin at the back of
the neck. The tonic immobility response duration (in seconds) was
recorded by a chronometer from the time the animal was sus-
pended until it made escape-like movements (Meyer, Cottrell, &
Van Hartesveldt, 1993).

Rotarod

The rotarod (Stoelting, Chicago, IL) was used to evaluate the
effect of the intraaccumbal injection of CTOP or its vehicle on
motor function. The latency to fall (in seconds) from the rotating
apparatus (18 rpm) was recorded. The cut-off time was 200 s. The
animals were trained three times a day for 2 days before testing.

Study Design

To investigate whether pain chronification and chronic pain
impair defensive behaviors, we measured the duration of the tonic
immobility response in rats with persistent mechanical hyperalge-
sia (see the preceding “Chronic Pain Model: Persistent Inflamma-
tory Hyperalgesia” section). The 14 day-period of injections are
the induction phase of persistent mechanical hyperalgesia and
allows studying the mechanisms underlying chronic pain develop-
ment, that is, pain chronification. After this 14 day-period, PGE2

injections are discontinued but the nociceptive response remained
exacerbated, that is, the mechanical nociceptive threshold remain
decreased, for at least 30 days. This is the maintenance phase of
persistent mechanical hyperalgesia and allows studying the mech-
anisms underlying chronic pain maintenance. Data from Figure 1
show the tonic immobility response and the nociceptive paw-
withdrawal threshold evaluated in the same rats during the induc-
tion (Days 1, 7, and 14, behavioral tests performed before PGE2

injection) and maintenance phases (Days 1, 7, 14, and 21 after
discontinuing the PGE2 injections) of persistent mechanical hy-
peralgesia. In these rats the nociceptive paw-withdrawal threshold
was evaluated immediately after the tonic immobility response.

To confirm our previous data that acute pain facilitates tonic
immobility response by activating the ascending nociceptive con-
trol (Tambeli et al., 2012), we measured the duration of tonic
immobility response in pain-free rats randomly assigned to receive
a forepaw injection of either capsaicin (125 �g) or its vehicle 10
min after the intraaccumbal injection of either CTOP or its vehicle.
The intraaccumbal injection of CTOP is a procedure classically
used to prevent the endogenous analgesia elicited by the activation
of the ascending nociceptive control (Gear et al., 1999).

The next step was to investigate whether pain chronification and
chronic pain affect the ability of acute pain to facilitate defensive
behaviors by activating the ascending nociceptive control. To this
end, we measured the duration of tonic immobility response during
the induction and maintenance phases of persistent mechanical
hyperalgesia in rats assigned to receive a forepaw injection of
capsaicin (125 �g) or its vehicle 10 min after the intraaccumbal
injection of either CTOP or its vehicle.

To rule out the possibility that CTOP by itself might affect the
immobility response we measured this response in rats randomly
assigned to receive capsaicin’s vehicle into the forepaw 10 min
after the intraaccumbal injection of CTOP on Day 7 of the induc-

tion phase and on Day 7 of the maintenance phase of persistent
mechanical hyperalgesia. CTOP or its vehicle was bilaterally in-
jected into the nucleus accumbens only once, and capsaicin or its
vehicle was injected into the left forepaw only once. Table 1
provides an overview of all the experimental groups and the
numbers of rats in each.

Data Presentation and Analysis

Mechanical nociceptive threshold is presented as the force in
grams necessary to evoke a paw-withdrawal response. The tonic
immobility response is presented as the time in seconds until an
escape-like response be evoked (Figure 1B) or as tonic immobility
duration change, which is the variation (before–after) calculated by
subtracting the basal tonic immobility duration (measured before
any experimental intervention performed on that day) from that
measured 5 min after the forepaw injection (subsequent figures).
Data were normally distributed (Shapiro-Wilk test, p � .05) with
equal variances (p � .05). Thus, they were analyzed by one-way
analysis of variance (ANOVA) with repeated-measures (see Figure 1)
or by one-way ANOVA (subsequent figures). The post hoc Student–
Newman–Keuls tests were performed to determine the basis of the
significant difference. Data are expressed as M � SEM. The Pearson
correlation analysis was performed to evaluate the correlation be-
tween persistent mechanical hyperalgesia development and the tonic
immobility response duration. A p value of �.05 was considered
statistically significant in all analysis.

Results

Pain chronification and chronic pain impair the tonic im-
mobility response. Daily PGE2 injection (100 ng/30 �l) into the
rat’s hindpaw during the induction phase of persistent hyperal-
gesia significantly reduced the mechanical nociceptive thresh-
old (Figure 1A, One Way Repeated Measures ANOVA and
Student–Newman–Keuls Method, F(6, 24) � 81.21, p � .001,
measures performed before PGE2 injection) and the duration of
the tonic immobility response (Figure 1B, One Way Repeated
Measures ANOVA and Student–Newman–Keuls test, F(6,
30) � 10.77, p � .001, measures performed before PGE2

injection). These findings suggest that pain chronification im-
pairs defensive behaviors.

The mechanical nociceptive threshold (Figure 1A) and the du-
ration of the tonic immobility response (Figure 1B) remained
significantly reduced 1, 7, 14, and 21 days after discontinuing the
PGE2 injections (maintenance phase of persistent hyperalgesia).
These findings suggest that chronic pain impairs defensive behav-
iors. Importantly, there was a strong and positive correlation
between persistent hyperalgesia development and the decrease in
tonic immobility response, as indicated by the Pearson correlation
analysis (correlation coefficient � 0.802, p � .001). The duration
of tonic immobility response was not affected on animals receiving
PGE2’s vehicle into the hind paw, F(2, 8) � 1.714, p � .240, five
rats/group data not shown).

Acute pain increases the tonic immobility response through
the activation of the ascending nociceptive control. The acute
noxious stimulation induced by the forepaw injection of capsaicin
(125 �g) significantly increased the immobility response duration
(Figure 2, one-way ANOVA and Student–Newman–Keuls test,
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F(2, 15) � 18.23, p � .001). The intraaccumbal administration of
the �-opioid receptor antagonist CTOP (1.0 �g, 10 min before
capsaicin) prevented this effect. The administration of CTOP (1.0
�g) into the nucleus accumbens of animals receiving capsaicin’s

vehicle into the forepaw had no effect (1.25 � 0.39 s, p � .896,
five rats/group data not shown in figures) indicating that CTOP by
itself does not affect the immobility response. Together, these
findings confirm our previous findings (Tambeli et al., 2012) that

Figure 1. Effect of persistent hyperalgesia development on the tonic immobility response duration. Panel A:
Chronic pain development. The mechanical nociceptive threshold measured by the Randall-Selitto paw-
withdrawal test was significantly decreased on Days 7 and 14 of the induction phase of persistent hyperalgesia
(defined as the 14-day period of daily subcutaneous injections of PGE2 into the rat’s hind paw; nociceptive
threshold was measured before PGE2 injection) and on Days 1, 7, 14 and 21 of the maintenance phase of
persistent hyperalgesia (defined as the 21-day period of reduced mechanical nociceptive threshold following the
discontinuation of the PGE2 injections). Panel B: Defensive behavior. The duration of tonic immobility response
was significantly decreased on Days 7 and 14 of the induction phase of persistent hyperalgesia (test performed
before PGE2 injection) and on Days 1, 7, 14 and 21 of the maintenance phase of persistent hyperalgesia.
Asterisks indicate a response significantly lower than that of the 1° day of induction phase of persistent
hyperalgesia (pain-free rats; p � .05, one-way repeated-measures analysis of variance and Student–Newman–
Keuls post hoc test). Data are expressed as M � SEM of the mechanical nociceptive threshold in grams (A) and
of the tonic immobility duration in seconds (B) that were evaluated in the same five rats.
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acute pain facilitates defensive behaviors through the activation of
the ascending nociceptive control.

Pain chronification and chronic pain do not alter the
ability of acute pain to facilitate the tonic immobility re-
sponse through the activation of the ascending nociceptive
control. The acute noxious stimulation induced by the forepaw
injection of capsaicin significantly increased the tonic immobility
response duration assessed on Days 7 (Figure 3A; one-way
ANOVA and Student–Newman–Keuls test, F[2, 15] � 11.34, p �
.001) and 14 (Figure 3B; one-way ANOVA and Student–
Newman–Keuls test, F[2, 15] � 20.07, p � .001) of the induction
phase of persistent mechanical hyperalgesia. This effect was pre-
vented by the administration of CTOP into the nucleus (1.0 �g, 10
min before capsaicin). The intraaccumbal administration of CTOP
had no effect on animals receiving capsaicin’s vehicle into the
forepaw (�1.20 � 3.99 s, p � .884, five rats/group data not shown
in figures, experiment performed on Day 7 of the induction phase)
indicating that CTOP by itself does not affect the immobility
response during the induction phase of persistent mechanical
hyperalgesia.

The duration of the tonic immobility response was significantly
increased by the acute noxious stimulation induced by the forepaw
injection of capsaicin on Days 1, 7, 14, and 21 of the maintenance
phase of persistent mechanical hyperalgesia (Figure 4A, B, C, and
D, respectively, one-way ANOVA and Student–Newman–Keuls
test, F[2, 15] � 4.99, p � .022; F[2, 12] � 16.22, p � .001; F[2,
15] � 15.07, p � .001; F([, 15] � 5.95, p � .012, respectively).

This effect was prevented by the intraaccumbal administration of
CTOP, that had no effect on animals receiving capsaicin’s vehicle
into the forepaw (�4.00 � 1.09 s, p � .455, five rats/group
experiment performed on Day 7 of the maintenance phase, data not
shown in figures). Together, these results suggest that chronic pain
and its development do not alter the ability of acute pain to
increase defensive behaviors by activating the ascending nocice-
ptive control. Stereotaxic surgery or intraaccumbal CTOP did not
affect rat’s motor function assessed by the Rota-rod test since all
animals included in the experiments stayed on the rotating appa-
ratus (18 rpm) for 200 s. The injection sites were located within the
nucleus accumbens in all animals included in the experiments (see
Figure 5).

Discussion

The present study shows that chronic pain and its development
impair defensive behaviors. The evidence is that the duration of the
tonic immobility response was significantly reduced during the
induction and maintenance phases of the persistent mechanical
hyperalgesia (see Figure 1). However, pain chronification and
chronic pain do not impair the ability of acute pain to facilitate
defensive behaviors by activating an ascending pain modulation
pathway. Specifically, acute pain induced by a forepaw injection
of capsaicin significantly increased the tonic immobility response
duration in animals with persistent inflammatory hyperalgesia, via

Table 1
Study Design the Experimental Groups, Procedures, Numbers of Animals (n), and the Associated Figures

Group Hindpaw injection NAc injection Forepaw injection Behavioral test n Figures

1 PGE2 — — Tonic immobility and Randall Selito 5 1A and 1B
2 Vehicle Vehicle Vehicle Tonic immobility 6 2
3 Vehicle Vehicle Capsaicin Tonic immobility 6 2
4 Vehicle CTOP Capsaicin Tonic immobility 6 2
5 PGE2 Vehicle Vehicle Tonic immobility–Day 7 induction 6 3A
6 PGE2 Vehicle Capsaicin Tonic immobility–Day 7 induction 6 3A
7 PGE2 CTOP Capsaicin Tonic immobility–Day 7 induction 6 3A
8 PGE2 Vehicle Vehicle Tonic immobility–Day 14 induction 6 3B
9 PGE2 Vehicle Capsaicin Tonic immobility–Day 14 induction 6 3B

10 PGE2 CTOP Capsaicin Tonic immobility–Day 14 induction 6 3B
11 PGE2 Vehicle Vehicle Tonic immobility–Day 1 maintenance 6 4A
12 PGE2 Vehicle Capsaicin Tonic immobility–Day 1 maintenance 6 4A
13 PGE2 CTOP Capsaicin Tonic immobility–Day 1 maintenance 6 4A
14 PGE2 Vehicle Vehicle Tonic immobility–Day 7 maintenance 5 4B
15 PGE2 Vehicle Capsaicin Tonic immobility–Day 7 maintenance 5 4B
16 PGE2 CTOP Capsaicin Tonic immobility–Day 7 maintenance 5 4B
17 PGE2 Vehicle Vehicle Tonic immobility–Day 14 maintenance 6 4C
18 PGE2 Vehicle Capsaicin Tonic immobility–Day 14 maintenance 6 4C
19 PGE2 CTOP Capsaicin Tonic immobility–Day 14 maintenance 6 4C
20 PGE2 Vehicle Vehicle Tonic immobility–Day 21 maintenance 6 4D
21 PGE2 Vehicle Capsaicin Tonic immobility–Day 21 maintenance 6 4D
22 PGE2 CTOP Capsaicin Tonic immobility–Day 21 maintenance 6 4D

Total A 128
23 Vehicle — — Tonic immobility 5 Data not shown
24 Vehicle CTOP Vehicle Tonic immobility 5 Data not shown
25 PGE2 CTOP Vehicle Tonic immobility–Day 7 induction 5 Data not shown
26 PGE2 CTOP Vehicle Tonic immobility–Day 7 maintenance 5 Data not shown

Total B 20
Total A � B 148

Note. Total A represents the total number of animals used in figures; Total B represents the total number of animals used in the groups not shown in
figures; Total A � B is the sum of the amount of animals used; PGE2 � Prostaglandin E2; NAc � Nucleus Accumbens.
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the endogenous opioid release in the nucleus accumbens (see
Figures 3 and 4).

The engagement of a threatened organism in the appropriate
defensive behaviors may be the difference between death and
survival. When flight or fight responses are no longer effective,
the immobility response, that is “playing dead,” becomes the
last chance of surviving because the predator gives up attacking
a prey that does not react (Thompson et al., 1981). In humans,
this response occurs in life-threatening situations associated to
strong fear (Rocha-Rego et al., 2009). Threat events are fre-
quently accompanied by noxious stimuli (Harris, 1996). How-
ever, pain is incompatible with defensive behaviors, because to
engage in defensive responses, a threatened organism needs to
be free from conflicting motivation related to an injury. The
ascending nociceptive control is a neurobiological mechanism
underlying noxious stimuli, analgesia, and defensive behaviors,
since it is activated by acute nociceptive stimulation, induces
analgesia (Gear et al., 1999; Gear & Levine, 2009) and in-
creases tonic immobility response (Tambeli et al., 2012). There-
fore, during a threat situation, acute pain activates a neuronal
mechanism to decrease nociception (see Figure 6 [1]) and
facilitate (see Figure 6 [2]) defensive responses.

Here we showed that in contrast to acute pain, chronic pain
and its development impairs the defensive behavior of tonic
immobility (see Figure 6 [3]). Seven days after the initiation of
daily hindpaw PGE2 injections, the duration of the immobility

response significantly decreased. This decrease persisted
throughout the induction and maintenance phases of the persis-
tent inflammatory hyperalgesia (see Figure 1B). In fact, there is
a strong and positive correlation between the decrease in the
nociceptive threshold and in the immobility duration. The in-
ability to engage in defensive behaviors can be interpreted as a
decrease in the ability to fight for survival during chronic pain.
It is in agreement with the general changes in behavior observed
in chronic pain states such as impaired motivation, reward-
related responses and endogenous pain modulation (Ossipov et
al., 2014; Simons et al., 2014).

Despite impairing defensive behaviors, chronic pain does not
affect the ability of acute pain to increase the immobility
response (see Figure 6 [4]). An acute noxious stimulus induced
by the capsaicin injection into the forepaw significantly in-
creased the immobility response duration in animals with per-

Figure 3. Effect of pain chronification on the ability of acute pain to
recruit the ascending nociceptive control to facilitate the tonic immobility
response. The subcutaneous administration of capsaicin (125 �g) into the
rat’s forepaw significantly increased the duration of the tonic immobility
response on Days 7 (Panel A) and 14 (Panel B) of the induction phase of
the persistent hyperalgesia. This effect was prevented by intraaccumbal
administration of the �-opioid receptor antagonist CTOP. Asterisks indi-
cate a response significantly greater than that of other groups, one-way
repeated-measures analysis of variance and Student–Newman–Keuls post
hoc test, six rats/group. NAc � Nucleus Accumbens; CTOP � Cys2, Tyr3,
Orn5, Pen7amide, 1.0 g bilaterally injected into the nucleus accumbens.

Figure 2. Effect of acute pain on tonic immobility response. The subcu-
taneous administration of capsaicin (125 �g) into the rat’s forepaw signif-
icantly increased the duration of the tonic immobility response in previ-
ously pain free animals. This effect was prevented by intraaccumbal
administration of the �-opioid receptor antagonist CTOP. Asterisks indi-
cate a response significantly greater than that of other groups (p � .05;
one-way repeated-measures analysis of variance and Student–Newman–
Keuls post hoc test; six rats/group). Data are expressed as M � SEM of the
change in tonic immobility duration in s, which was calculated by sub-
tracting the tonic immobility duration measured before any experimental
intervention performed on that day from that measured 5 min after the
forepaw injection (before–after). NAc � Nucleus Accumbens; CTOP �
Cys2, Tyr3, Orn5, Pen7amide.
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sistent hyperalgesia. This effect was observed with similar
magnitude throughout the induction (see Figure 3) and the
maintenance (see Figure 4) phases of the persistent hyperalge-
sia. Such preservation in the ability of acute pain to facilitate

defensive behaviors even in the presence of chronic pain may
have the purpose of increasing the chances of survival of a
wounded subject exposed to acute pain in a novel threatening
situation.

Figure 4. Effect of chronic pain on the ability of acute pain to recruit the ascending nociceptive control to induce
the tonic immobility response. The subcutaneous administration of capsaicin (125 �g) into the rat’s forepaw
significantly increased the duration of the tonic immobility response on Days 1 (Panel A; six rats/group); 7 (Panel B;
five rats/group); 14 (Panel C; six rats/group), and 21 (Panel D; six rats/group) of the maintenance phase of the
persistent inflammatory hyperalgesia. This effect was prevented by intraaccumbal administration of the �-opioid
receptor antagonist CTOP. Asterisks indicate a response significantly greater than that of other groups (p � .05,
one-way repeated-measures analysis of variance and Student–Newman–Keuls post hoc test). NAc � Nucleus
Accumbens; CTOP � Cys2, Tyr3, Orn5, Pen7amide, 1.0 g bilaterally injected into the nucleus accumbens.
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Neural circuits underlying endogenous pain modulation (Os-
sipov et al., 2014; Simons et al., 2014), including the ascending
nociceptive control (Ferrari et al., 2010; Miranda et al., 2015)
have impaired functioning during chronic pain states. However,
although the antinociceptive efficacy of the ascending nocice-
ptive control is decreased during pain chronification and
chronic pain (Miranda et al., 2015), its ability to facilitate the
immobility response is preserved. This is evidenced by findings
showing that the capsaicin-mediated increase in the immobility
response duration throughout persistent hyperalgesia is pre-
vented by a previous CTOP injection into the nucleus accum-
bens (see Figure 3 and 4). Nucleus accumbens is a fundamental
component of the ascending nociceptive control (Gear et al.,
1999; Gear & Levine, 2009) and of the mesolimbic dopaminer-
gic system, which is known for its involvement in reward and
motivation (Baliki & Apkarian, 2015; Bromberg-Martin, Ma-
tsumoto, & Hikosaka, 2010; Volman et al., 2013). Nucleus
accumbens dopamine mechanisms are involved in both fear
(Albrechet-Souza, Carvalho, & Brandão, 2013) and motivation
(Bergamini et al., 2016). Recently, the role of nucleus accum-
bens in plastic changes associated with chronic pain has
emerged. Functional changes within nucleus accumbens circuits
appears to be critical for pain chronification (Vachon-Presseau
et al., 2016) and for the decreased motivation during chronic
pain states (Schwartz et al., 2014). In fact, it was suggested that
nucleus accumbens have opposite roles in nociceptive process-
ing during chronic and acute pain states (Dias et al., 2015).
Therefore, although the ability of the pain triggered �-opioid
mechanism to facilitate the immobility response is preserved,
plastic changes in other mechanisms within the nucleus accum-
bens may contribute to the impairment in defensive behaviors
during chronic pain states.

There is a well-known reciprocal interaction (see Figure 6,
[2] and [5]) between defensive behaviors and endogenous pain

controls (Harris, 1996). In fact, several brain regions, such as
periaqueductal gray matter (Monassi et al., 1997), rostral ven-
tromedial medulla (da Silva & Menescal-de-Oliveira, 2006),
and nucleus accumbens (Meyer et al., 1993) mediate defensive
responses and endogenous analgesia. Functionally, fear and the
perception of life threat activate pain modulation systems in a
preventive way. However, in the presence of real noxious
stimulation, the recruitment of the ascending nociceptive con-
trol may function as a final resource to reinforce the expression
of defensive behaviors when they are most necessary. The
biological value of this mechanism may be so high that its
functioning is preserved, as shown in the current study, even in
the presence of chronic pain, a condition that, by itself, disrupts
defensive behaviors (Harris, 1996) and endogenous pain mod-
ulation (Ossipov et al., 2014; Simons et al., 2014).

In summary, the present study demonstrated that pain chroni-
fication and chronic pain impair the defensive behavior of tonic
immobility in rats (see Figure 6 [3]) but do not affect the ability
of acute pain (see Figure 6 [4]) to facilitate it through the
activation of the ascending nociceptive control. Therefore,
while impairing the defensive behavior of tonic immobility,
chronic pain does not affect the ability of acute pain to facilitate
it. This is ensured by the activation of ascending nociceptive
control that keeps its ability to facilitate a defensive response,
even during chronic pain states.

Figure 5. Injection sites in the nucleus accumbens. Nucleus accumbens
injection sites (solid circles) plotted on drawings adapted from the atlas of
Paxinos and Watson (Paxinos & Watson, 2007). Numbers represent dis-
tance caudal from bregma. Some symbols overlap others.

Figure 6. Proposed model—Interaction between chronic pain, endoge-
nous pain modulation and defensive behaviors. Chronic pain impairs
defensive behaviors (3), but does not affect the ability of acute pain (4) to
facilitate them by activating the ascending nociceptive control (1 and 2).
Life threat and defensive behaviors (5) also activate endogenous pain
modulation systems in a preventive way. Mechanisms indicated by gray
dashed arrows are suggested based on the findings of the present study.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

621CHRONIC PAIN IMPAIRS A DEFENSIVE BEHAVIOR



References

Albrechet-Souza, L., Carvalho, M. C., & Brandão, M. L. (2013). D(1)-like
receptors in the nucleus accumbens shell regulate the expression of
contextual fear conditioning and activity of the anterior cingulate cortex
in rats. The International Journal of Neuropsychopharmacology, 16,
1045–1057. http://dx.doi.org/10.1017/S146114571200082X

Baliki, M. N., & Apkarian, A. V. (2015). Nociception, pain, negative
moods, and behavior selection. Neuron, 87, 474–491. http://dx.doi.org/
10.1016/j.neuron.2015.06.005

Bergamini, G., Sigrist, H., Ferger, B., Singewald, N., Seifritz, E., & Pryce,
C. R. (2016). Depletion of nucleus accumbens dopamine leads to im-
paired reward and aversion processing in mice: Relevance to motivation
pathologies. Neuropharmacology, 109, 306–319. http://dx.doi.org/10
.1016/j.neuropharm.2016.03.048

Bromberg-Martin, E. S., Matsumoto, M., & Hikosaka, O. (2010). Dopa-
mine in motivational control: Rewarding, aversive, and alerting. Neuron,
68, 815–834. http://dx.doi.org/10.1016/j.neuron.2010.11.022

da Silva, L. F., & Menescal-de-Oliveira, L. (2006). Cholinergic modulation
of tonic immobility and nociception in the NRM of guinea pig. Physi-
ology & Behavior, 87, 821–827. http://dx.doi.org/10.1016/j.physbeh
.2006.01.019

Dias, E. V., Sartori, C. R., Marião, P. R., Vieira, A. S., Camargo, L. C.,
Athie, M. C., . . . Parada, C. A. (2015). Nucleus accumbens dopaminer-
gic neurotransmission switches its modulatory action in chronification of
inflammatory hyperalgesia. The European Journal of Neuroscience, 42,
2380–2389. http://dx.doi.org/10.1111/ejn.13015

Ferrari, L. F., Gear, R. W., & Levine, J. D. (2010). Attenuation of activity
in an endogenous analgesia circuit by ongoing pain in the rat. The
Journal of Neuroscience: The Official Journal of the Society for Neu-
roscience, 30, 13699 –13706. http://dx.doi.org/10.1523/JNEUROSCI
.2867-10.2010

Ferreira, S. H., Lorenzetti, B. B., & De Campos, D. I. (1990). Induction,
blockade and restoration of a persistent hypersensitive state. Pain, 42,
365–371. http://dx.doi.org/10.1016/0304-3959(90)91149-D

Gear, R. W., Aley, K. O., & Levine, J. D. (1999). Pain-induced analgesia
mediated by mesolimbic reward circuits. The Journal of Neuroscience:
The Official Journal of the Society for Neuroscience, 19, 7175–7181.
http://dx.doi.org/10.1523/JNEUROSCI.19-16-07175.1999

Gear, R. W., & Levine, J. D. (2009). Rostral ventral medulla cholinergic
mechanism in pain-induced analgesia. Neuroscience Letters, 464, 170–
172. http://dx.doi.org/10.1016/j.neulet.2009.08.036

Harris, J. A. (1996). Descending antinociceptive mechanisms in the brain-
stem: Their role in the animal’s defensive system. Journal of Physiology,
Paris, 90, 15–25. http://dx.doi.org/10.1016/0928-4257(96)87165-8

Klemm, W. R. (2001). Behavioral arrest: In search of the neural control
system. Progress in Neurobiology, 65, 453–471. http://dx.doi.org/10
.1016/S0301-0082(01)00016-8

Meyer, M. E., Cottrell, G. A., & Van Hartesveldt, C. (1993). Intracerebral
haloperidol potentiates the dorsal immobility response in the rat. Phar-
macology, Biochemistry, and Behavior, 44, 157–160. http://dx.doi.org/
10.1016/0091-3057(93)90294-4

Miranda, J., Lamana, S. M., Dias, E. V., Athie, M., Parada, C. A., &
Tambeli, C. H. (2015). Effect of pain chronification and chronic pain on
an endogenous pain modulation circuit in rats. Neuroscience, 286, 37–
44. http://dx.doi.org/10.1016/j.neuroscience.2014.10.049

Monassi, C. R., Hoffmann, A., & Menescal-de-Oliveira, L. (1997). In-
volvement of the cholinergic system and periaqueductal gray matter in
the modulation of tonic immobility in the guinea pig. Physiology &
Behavior, 62, 53–59. http://dx.doi.org/10.1016/S0031-9384(97)00134-0

Ossipov, M. H., Morimura, K., & Porreca, F. (2014). Descending pain
modulation and chronification of pain. Current Opinion in Supportive
and Palliative Care, 8, 143–151.

Paxinos, G., & Watson, C. (2007). The Rat Brain in Stereotaxic Coordi-
nates (6th ed.). New York, NY: Academic Press.

Porreca, F., & Navratilova, E. (2017). Reward, motivation, and emotion of
pain and its relief. Pain, 158(Suppl. 1), S43–S49. http://dx.doi.org/10
.1097/j.pain.0000000000000798

Randall, L. O., & Selitto, J. J. (1957). A method for measurement of
analgesic activity on inflamed tissue. Archives Internationales de Phar-
macodynamie et de Therapie, 111, 409–419.

Rocha-Rego, V., Fiszman, A., Portugal, L. C., Garcia Pereira, M., de
Oliveira, L., Mendlowicz, M. V., . . . Volchan, E. (2009). Is tonic
immobility the core sign among conventional peritraumatic signs and
symptoms listed for PTSD? Journal of Affective Disorders, 115, 269–
273. http://dx.doi.org/10.1016/j.jad.2008.09.005

Schmidt, B. L., Tambeli, C. H., Barletta, J., Luo, L., Green, P., Levine,
J. D., & Gear, R. W. (2002). Altered nucleus accumbens circuitry
mediates pain-induced antinociception in morphine-tolerant rats. Jour-
nal of Neuroscience, 22, 6773–6780.

Schmidt, B. L., Tambeli, C. H., Gear, R. W., & Levine, J. D. (2001).
Nicotine withdrawal hyperalgesia and opioid-mediated analgesia depend
on nicotine receptors in nucleus accumbens. Neuroscience, 106, 129–
136. http://dx.doi.org/10.1016/S0306-4522(01)00264-0

Schmidt, B. L., Tambeli, C. H., Levine, J. D., & Gear, R. W. (2002).
mu/delta Cooperativity and opposing kappa-opioid effects in nucleus
accumbens-mediated antinociception in the rat. The European Journal of
Neuroscience, 15, 861–868. http://dx.doi.org/10.1046/j.1460-9568.2002
.01915.x

Schmidt, B. L., Tambeli, C. H., Levine, J. D., & Gear, R. W. (2003).
Adaptations in nucleus accumbens circuitry during opioid withdrawal
associated with persistence of noxious stimulus-induced antinociception
in the rat. The Journal of Pain, 4, 141–147. http://dx.doi.org/10.1054/
jpai.2003.12

Schwartz, N., Temkin, P., Jurado, S., Lim, B. K., Heifets, B. D., Polepalli,
J. S., & Malenka, R. C. (2014). Chronic pain. Decreased motivation
during chronic pain requires long-term depression in the nucleus accum-
bens. Science, 345, 535–542. http://dx.doi.org/10.1126/science.1253994

Simons, L. E., Elman, I., & Borsook, D. (2014). Psychological processing
in chronic pain: A neural systems approach. Neuroscience and Biobe-
havioral Reviews, 39, 61–78. http://dx.doi.org/10.1016/j.neubiorev.2013
.12.006

Tambeli, C. H., Fischer, L., Monaliza, S. L., Menescal-de-Oliveira, L., &
Parada, C. A. (2012). The functional role of ascending nociceptive
control in defensive behavior. Brain Research, 1464, 24–29. http://dx
.doi.org/10.1016/j.brainres.2012.05.010

Tambeli, C. H., Levine, J. D., & Gear, R. W. (2009). Centralization of
noxious stimulus-induced analgesia (NSIA) is related to activity at
inhibitory synapses in the spinal cord. Pain, 143, 228–232. http://dx.doi
.org/10.1016/j.pain.2009.03.005

Tambeli, C. H., Parada, C. A., Levine, J. D., & Gear, R. W. (2002).
Inhibition of tonic spinal glutamatergic activity induces antinociception
in the rat. The European Journal of Neuroscience, 16, 1547–1553.
http://dx.doi.org/10.1046/j.1460-9568.2002.02204.x

Tambeli, C. H., Quang, P., Levine, J. D., & Gear, R. W. (2003). Contri-
bution of spinal inhibitory receptors in heterosegmental antinociception
induced by noxious stimulation. The European Journal of Neuroscience,
18, 2999–3006. http://dx.doi.org/10.1111/j.1460-9568.2003.03031.x

Tambeli, C. H., Young, A., Levine, J. D., & Gear, R. W. (2003). Contri-
bution of spinal glutamatergic mechanisms in heterosegmental antino-
ciception induced by noxious stimulation. Pain, 106, 173–179. http://dx
.doi.org/10.1016/S0304-3959(03)00332-4

Thompson, R. K. R., Foltin, R. W., Boylan, R. J., Sweet, A., Graves, C. A.,
& Lowitz, C. E. (1981). Tonic immobility in Japanese quail can reduce
the probability of sustained attack by cats. Animal Learning & Behavior,
9, 145–149. http://dx.doi.org/10.3758/BF03212037

Tobaldini, G., Aisengart, B., Lima, M. M., Tambeli, C. H., & Fischer, L.
(2014). Ascending nociceptive control contributes to the antinociceptive

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

622 LAMANA, MIRANDA, TOBALDINI, FISCHER, AND TAMBELI

http://dx.doi.org/10.1017/S146114571200082X
http://dx.doi.org/10.1016/j.neuron.2015.06.005
http://dx.doi.org/10.1016/j.neuron.2015.06.005
http://dx.doi.org/10.1016/j.neuropharm.2016.03.048
http://dx.doi.org/10.1016/j.neuropharm.2016.03.048
http://dx.doi.org/10.1016/j.neuron.2010.11.022
http://dx.doi.org/10.1016/j.physbeh.2006.01.019
http://dx.doi.org/10.1016/j.physbeh.2006.01.019
http://dx.doi.org/10.1111/ejn.13015
http://dx.doi.org/10.1523/JNEUROSCI.2867-10.2010
http://dx.doi.org/10.1523/JNEUROSCI.2867-10.2010
http://dx.doi.org/10.1016/0304-3959%2890%2991149-D
http://dx.doi.org/10.1523/JNEUROSCI.19-16-07175.1999
http://dx.doi.org/10.1016/j.neulet.2009.08.036
http://dx.doi.org/10.1016/0928-4257%2896%2987165-8
http://dx.doi.org/10.1016/S0301-0082%2801%2900016-8
http://dx.doi.org/10.1016/S0301-0082%2801%2900016-8
http://dx.doi.org/10.1016/0091-3057%2893%2990294-4
http://dx.doi.org/10.1016/0091-3057%2893%2990294-4
http://dx.doi.org/10.1016/j.neuroscience.2014.10.049
http://dx.doi.org/10.1016/S0031-9384%2897%2900134-0
http://dx.doi.org/10.1097/j.pain.0000000000000798
http://dx.doi.org/10.1097/j.pain.0000000000000798
http://dx.doi.org/10.1016/j.jad.2008.09.005
http://dx.doi.org/10.1016/S0306-4522%2801%2900264-0
http://dx.doi.org/10.1046/j.1460-9568.2002.01915.x
http://dx.doi.org/10.1046/j.1460-9568.2002.01915.x
http://dx.doi.org/10.1054/jpai.2003.12
http://dx.doi.org/10.1054/jpai.2003.12
http://dx.doi.org/10.1126/science.1253994
http://dx.doi.org/10.1016/j.neubiorev.2013.12.006
http://dx.doi.org/10.1016/j.neubiorev.2013.12.006
http://dx.doi.org/10.1016/j.brainres.2012.05.010
http://dx.doi.org/10.1016/j.brainres.2012.05.010
http://dx.doi.org/10.1016/j.pain.2009.03.005
http://dx.doi.org/10.1016/j.pain.2009.03.005
http://dx.doi.org/10.1046/j.1460-9568.2002.02204.x
http://dx.doi.org/10.1111/j.1460-9568.2003.03031.x
http://dx.doi.org/10.1016/S0304-3959%2803%2900332-4
http://dx.doi.org/10.1016/S0304-3959%2803%2900332-4
http://dx.doi.org/10.3758/BF03212037


effect of acupuncture in a rat model of acute pain. The Journal of Pain,
15, 422–434. http://dx.doi.org/10.1016/j.jpain.2013.12.008

Vachon-Presseau, E., Tétreault, P., Petre, B., Huang, L., Berger, S. E.,
Torbey, S., . . . Apkarian, A. V. (2016). Corticolimbic anatomical
characteristics predetermine risk for chronic pain. Brain: A Journal of
Neurology, 139(Part 7), 1958–1970. http://dx.doi.org/10.1093/brain/
aww100

Volman, S. F., Lammel, S., Margolis, E. B., Kim, Y., Richard, J. M.,
Roitman, M. F., & Lobo, M. K. (2013). New insights into the specificity
and plasticity of reward and aversion encoding in the mesolimbic sys-

tem. The Journal of Neuroscience: The Official Journal of the Society
for Neuroscience, 33, 17569 –17576. http://dx.doi.org/10.1523/
JNEUROSCI.3250-13.2013

Zimmermann, M. (1983). Ethical guidelines for investigations of experi-
mental pain in conscious animals. Pain, 16, 109–110. http://dx.doi.org/
10.1016/0304-3959(83)90201-4

Received January 19, 2018
Revision received April 29, 2018

Accepted May 3, 2018 �

New Editors Appointed

APA’s Publications and Communications Board announces the appointment of 7 new editors for
terms beginning in 2020.

Journal of Experimental Psychology: Animal Learning and Cognition
Andrew R. Delamater, PhD
Brooklyn College – City University of New York
Current Editor: Ralph R. Miller, PhD

Neuropsychology
Keith O. Yeates, PhD
University of Calgary, Alberta, Canada
Current Editor: Gregory G. Brown, PhD

Psychological Methods
Douglas L. Steinley, PhD
University of Missouri-Columbia
Current Editor: Lisa L. Harlow, PhD

Behavior Analysis: Research and Practice
Joel E. Ringdahl, PhD
University of Georgia
Current Editors: Alan Poling, PhD, and Duane A. Lundervold, MD, PhD

Decision
David V. Budescu, PhD
Fordham University
Current Editor: Jerome R. Busemeyer, PhD

Journal of Rural Mental Health
Timothy G. Heckman, PhD
University of Georgia
Current Editor: James L. Werth, Jr., PhD

Spirituality in Clinical Practice
Thomas G. Plante, PhD
Santa Clara University
Current Editors: Lisa Miller, PhD, and Len Sperry, PhD

Manuscript Submission

As of January 1, 2019, new manuscripts should be submitted electronically to the new editors via
each journal’s Manuscript Submission Portal. See the Manuscript Submission tab on the journal’s
web page for details. The current editors will receive and consider new manuscripts through
December 31, 2018.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

623CHRONIC PAIN IMPAIRS A DEFENSIVE BEHAVIOR

http://dx.doi.org/10.1016/j.jpain.2013.12.008
http://dx.doi.org/10.1093/brain/aww100
http://dx.doi.org/10.1093/brain/aww100
http://dx.doi.org/10.1523/JNEUROSCI.3250-13.2013
http://dx.doi.org/10.1523/JNEUROSCI.3250-13.2013
http://dx.doi.org/10.1016/0304-3959%2883%2990201-4
http://dx.doi.org/10.1016/0304-3959%2883%2990201-4

