
61
Neurosci Bull    February 1, 2011, 27(1): 61-67. http://www.neurosci.cn
DOI: 10.1007/s12264-011-1035-3

·Minireview·

*These authors contributed equally to this work.
Corresponding authors: Hui XU, San-Jue HU
Tel: +86-29-84774590; Fax: +86-29-83246270
E-mail: xubz@fmmu.edu.cn, sjhu@fmmu.edu.cn
Article ID: 1673-7067(2011)01-0061-07
Received date: 2010-10-14; Accepted date: 2010-11-30

Behavioral assessments of the aversive quality of pain in animals

Xu-Jie ZHANG1,2,*, Tian-Wei ZHANG1,3,*, San-Jue HU 1, Hui XU1

1Institute of Neuroscience; 2Class 2005, 3 Class 2006, School of Stomatology, The Fourth Military Medical University,

Xi’an 710032, China

© Shanghai Institutes for Biological Sciences, CAS and Springer-Verlag Berlin Heidelberg 2011

Abstract: Animals and humans share similar mechanisms of pain detection and similar brain areas involved in pain processing.

Also, they show similar pain behaviors, such as reflexed sensation to nociceptive stimuli. Pain is often described in sensory

discrimination (algosity) and affective motivation (unpleasantness) dimensions. Both basic and clinical findings indicate that

individuals with chronic pain usually suffer more from pain-associated affective disturbances than from the actual pain

sensations per se. Although the neural systems responsible for the sensory component of pain have been studied extensively,

the neural mechanisms underlying negative affective component are not well understood. This is partly due to the relative

paucity of animal paradigms for reliable examination of each component of pain. In humans, the experience of pain and

suffering can be reported by language, while in animals, pain can only be inferred through physical and behavioral reactions.

Animal behaviors, cognitive psychology and functional brain imaging have made it possible to assess pain affection and pain

memory in animals. Animals subjected to either neuropathic injury or inflammatory insult display significant conditioned place

aversion to a pain-paired environment in behaviors. The present review aims to summarize the common methods of affective

unpleasantness assessment in rats.
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1    Introduction

Pain is an unpleasant sensory and emotional experience

associated with actual or potential tissue damage, or described

in terms of such damage[1]. In humans, the experience of pain

and suffering is often reported by language, while in animals,

pain is judged through physical and behavioral reactions.

The division of pain perception by Melzack and Casey into

sensory-discriminative and affective-motivational compo-

nents has had a profound and long-lasting impact on pain

research for years[2]. Affect is a psychophysical construct

that specifically refers to a subjective emotional state, and it

ultimately depends upon introspection and verbal report for

validation. Since it is hard to separate affect from motivation

of pain in animals, it is reasonable to bundle the 2 different

concepts of pain in designing animal experiments to uncover

the underlying mechanism. However, this bundle is difficult

to be clearly differentiated from a sensory-discriminative

process. Rainville et al. have found that different types and

locations of stimuli produce variable ratios of unpleasant-

ness to algosity magnitude, which supports the concept that

different and possibly overlapping circuits mediate the 2 pri-

mary dimensions of pain[3]. Unpleasantness is further divided

into primary and secondary pain unpleasantness. Primary

unpleasantness is directly associated with stimulus, while
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secondary pain unpleasantness is an unpleasant experience

reflecting a higher level of process that has a highly variable

relationship with stimulus intensity and is largely determined

by memories and contextual features[4]. Primary unpleasant-

ness and algosity are 2 distinct stimulus-bound qualities of

pain. At the level of neural mechanisms, they are carried out

through supraspinal circuits that are partly separate and

parallel.

Whether animals can feel unpleasantness of pain has

been a controversial issue for many years. Through a combi-

nation of animal behavior observation, cognitive psychol-

ogy and functional brain imaging, the assessment of pain

affection and pain memory in animals has become possible.

Animals and humans share some similarities in mechanisms

of pain detection and in brain areas involved in pain

processing. They may also exhibit similar pain behaviors[5].

It is accepted that postero-medial thalamus and cortical re-

gions such as cingulated gyrus and insular cortex, are in-

volved in unpleasantness production[6,7]. Clinically, persis-

tent pain is frequently associated with psychological and

emotional dysfunction[6,8]. Some patients with chronic pain

are probably suffering from depression and may even com-

mit suicide. Intense affective component of pain is an obvi-

ous characteristic which is distinct from the sensation to

other stimuli in humans. The neural circuits and the mecha-

nisms of the negative affective component of pain have been

elucidated using conditioned place avoidance (CPA) tests[9].

Excitotoxic lesions in the anterior cingulate cortex (ACC),

central amygdaloid nucleus, basolateral amygdaloid nucleus

(BLA), or bed nucleus of the stria terminalis (BNST) can sup-

press intraplantar formalin-induced aversive responses[10-14].

Glutamatergic transmission within the ACC and BLA via

NMDA receptors is shown to play a critical role in the affec-

tive component of pain[12]. In BNST especially its ventral

part, noradrenergic transmission via beta-adrenergic recep-

tors is demonstrated to be important for pain-induced aver-

sion[13]. Since persistent pain is frequently associated with

psychological and emotional dysfunctions, studies on the

neural circuits and the molecular mechanisms involved in the

affective component of pain in animals may provide consid-

erable hints for the treatment of chronic pain. In the present

review, the methods of affective unpleasantness assessment

in rats are summarized, to facilitate better understanding of

pain etiology and provide efficient ways for assessment and

treatment of pain.

2    Behavioral assessment of the aversive quality

of pain in rats

2.1    Vocalization response test  Among various behaviors

displayed by rats, vocalization consists of an extensive pat-

tern of vocal emission in the audible and the ultrasonic fre-

quency ranges. Audible and ultrasonic vocalizations occur

in several behavioral contexts. Ultrasonic vocalization oc-

curs in infant rats in response to thermal and tactile stimuli

when separated from the nest[15,16]. It has also been used to

address the emotional-affective responses to painful stimuli

in arthritic, formalin and muscular pain models[17-23]. More

specifically, long-pulse calls (22-28 kHz) are associated with

behaviors exhibited under stressful and/or painful situa-

tions[18,20]. To study the relevance of ultrasonic vocalization

with different states of pain, audible and ultrasonic vocaliza-

tions were measured simultaneously in response to innocu-

ous or noxious stimulation[17-23]. The recording apparatus con-

sists of a condenser microphone and a bat detector, which

are used for recording audible (audible range: 20 -16 kHz) and

ultrasonic [ultrasonic range: (25±4) kHz] vocalizations,

respectively. The microphone and the bat detector are placed

on a platform in front of the animal at a fixed distance. The

recorded signals are filtered, amplified and fed into a per-

sonal computer. Experiments need to be performed in a quiet

environment and appropriate filtering levels are used to avoid

recording any background noise. The frequencies of audible

and ultrasonic vocalizations increase with the elevation of

mechanical stimuli intensity that is, the greater the intensity

of mechanical stimuli, the higher the vocalization frequency.

Meanwhile, although ultrasonic vocalization has been used

to address the emotional-affective responses to painful stimuli

in arthritic, formalin and muscular pain models[17-23], it is re-

ported that ultrasonic vocalization does not provide any more

information than does audible vocalization for assessing re-

sponses to painful procedures in some cases[24,25]. Thus, the

use of ultrasonic vocalization responses with different fre-
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quencies to evaluate pain-related affection is still in debate

at present. However, the measurement of audible and ultra-

sonic vocalizations is easy and convenient for assessing

primary pain unpleasantness, but not for the assessment of

secondary pain unpleasantness. More recently, ultrasonic

vocalizations (37-50 kHz) have been considered as an indica-

tor of ongoing pain in mice[26]. Thus, the ultrasonic vocaliza-

tion is reconsidered for assessing pain sensation and un-

pleasantness in animals.

2.2    Formalin-induced conditioned place avoidance (F-CPA)

paradigm  F-CPA combines the hindpaw formalin model with

the place-conditioning paradigm. It directly reflects the af-

fective component of pain in the rat, concomitantly with

“acute” formalin-induced nociceptive behaviors (such as paw

lifting, licking, and flinching) that reflect the intensity and

localization of the nociceptive stimulus[9].

A standard place-conditioning apparatus consists of 3

compartments: 2 “conditioning” compartments (formalin treat-

ment is paired with one of these compartments) and one “neu-

tral” compartment, each being characterized by distinct visual

and olfactory stimuli. Of the 2 conditioning compartments,

one has horizontal stripes on the walls and an odor of 1.0%

acetic acid, whereas the other has vertical stripes and a stan-

dardized cinnamon scent. The neutral compartment is char-

acterized by uniformed wall color and absence of distinctive

odor. The neutral compartment has 2 doors, each linking a

conditioning compartment. These doors are closed during

conditioning to constrain the animal within a single condi-

tioning compartment.

F-CPA was firstly used by Johansen et al.[9] to reveal the

contribution of the ACC to the affective component of pain

in rodents. Numerous human and animal studies have indi-

rectly indicated the involvement of  the ACC neurons in the

affective consequences of nociceptive stimulation. Destruc-

tion of neurons originating from the rostral, but not from

caudal of the ACC, can reduce formalin-induced conditioned

place avoidance but not acute pain-related behaviors. These

results provide evidence that neurons in the ACC are essen-

tial for the nociceptive stimulation-induced aversiveness.

Using F-CPA paradigm, the roles of the ACC and

amygdala in formalin-induced acute pain responses and af-

fective pain processing were examined. No significant

changes in formalin-induced acute nociceptive behaviors are

found in rats with ACC lesion or amygdala lesion, while the

magnitude of F-CPA is reduced in these rats. These results

further support the different neural substrates underlying

pain affection and pain sensation[10,11,27]. In addition, there

have been tons of literatures indicating that glutamatergic

transmission via NMDA receptors in the BLA plays a crucial

role in pain-induced aversion using F-CPA paradigm[28].

NMDA NR2A and NR2B receptors in the rostral anterior cin-

gulate cortex (rACC) are also critically involved in pain-re-

lated aversion in rats[29]. Besides, our previous work showed

that both NMDA and AMPA receptors underwent plastic

changes in animal models of neuropathic pain, indicating

that those plastic changes of glutamate receptors are likely

to contribute to pain-related affection[30,31]. In addition to its

well-characterized effects on the sensory component of pain,

morphine also influences the affective component of pain

through an inhibitory effect on intra-BLA glutamatergic trans-

mission[28]. Since the glucocorticoid receptors are abundant in

the ACC and amygdala[32], they may have great influences on

the ACC- and amygdala-dependent aversive learning and

memory. It is suggested that corticosterone secretion by the

adrenal cortex may play a role in chemical somatic noxious

stimuli-induced avoidance learning and aversive memory, but

not in sensory discrimination of noxious stimulation[33].

Apart from the typical F-CPA paradigm, other chemicals

that cause pain sensory responses can also induce CPA in

rats. For example, intraperitoneal injection of acetic acid, a

kind of visceral noxious stimulus, can induce CPA[12,13]. For-

malin and acetic acid induce pain behaviors probably through

different mechanisms, but they both can induce CPA.

Intraplantar injection of formalin as a chemical somatic nox-

ious stimulus can increase c-Fos mRNA expression in the

BLA, but not in the central nuclei of the amygdala (CeA),

while intraperitoneal injection of acetic acid as a chemical

visceral noxious stimulus induced c-Fos mRNA expression

highly in the CeA but hardly in the BLA. Activation of dis-

tinct amygdaloid nuclei could contribute differentially to for-

malin and acetic acid-induced negative affection, but not to

sensory components of pain. The formalin-induced CPA can
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be abolished by the lesion of the BLA or the CeA, while

acetic acid-induced CPA can be abolished by CeA lesion, but

not by BLA lesion. On the other hand, lesion of  the BLA or

the CeA fails to attenuate the intraplantar formalin injection-

or intraperitoneal acetic acid injection-produced nociceptive

behaviors[12]. However, both acetic acid- and formalin-in-

duced CPA can be suppressed by bilateral BNST lesions[13].

Recently, Johansen et al.[9] have combined the formalin

test with a place conditioning paradigm to examine the affec-

tive and sensory components of pain. However, the formalin

model is not an optimal model due to its biphasic nature. The

formalin model has been described as a persistent model of

pain, however, it may also result in behavioral sequelae and

changes in gene expression or cell function that are reported

to occur in man suffering from chronic pain[34]. Furthermore,

it is difficult to discern whether the aberration in affective

state resulting from this model is primarily due to the phase I

direct effect that formalin has on nociceptors or due to the

phase II inflammatory effect. Therefore, some other modified

CPA paradigms appear consequently. Until now, F-CPA para-

digm fits for acute pain models, such as carrageenan and

formalin models[9,12,13].

2.3    Paradigm of modified CPA coupled with novel objects

The paradigm of modified CPA coupled with novel objects,

which incorporates both the sensory and the motivational

affective aspects of pain, can address the shortcomings of

CPA paradigm to some extent. In this paradigm, rats sub-

jected to inflammatory- and neuropathic-like pain show a pro-

longed negative association (for up to one month) with the

pain-associated environment enriched with novel objects,

after a number of conditioning sessions[35].

Most notably, Roth-Isigkeit et al. have found that chil-

dren suffering from chronic pain are less able to pursue

hobbies, attend school or meet friends[36]. Accordingly,

Hummel et al. used novel objects to determine whether ani-

mals would interact less frequently with natural reinforcers

in the presence of pain, just similar to the human condition[35].

Their findings showed a reduced number of novel object

contacts during painful conditioning sessions for both neu-

ropathic and inflammatory rodent models.

Furthermore, the study of Hummel et al. has also shown

how this pain-induced aversion is attenuated by a non-

analgesic, non-rewarding dose of morphine[35]. Thus, this

paradigm is not only a useful methodology for modeling the

sensory and affective components of pain, but also a novel

strategy for gaining better insight into the pharmacology of

pain-ameliorating therapies for treating pain-related affection.

In short, this paradigm of modified CPA with novel objects

can be used in neuropathic pain models and carrageenan

inflammatory model[35].

2.4    Place escape/aversion paradigm (PEAP)  It is hypoth-

esized that animals would quickly avoid a preferred test loca-

tion associated with the application of a mechanical stimulus

to the hyperalgesic paw. Based on this, the PEAP method

was firstly demonstrated by the group of Fuchs using L5

spinal nerve ligation and complete Freund’s adjuvant inflam-

matory models[37]. The apparatus is a shuttle box consisting

of 2 components: a black one that the rats prefer, and a white

one. Unrestricted movement is allowed throughout the box.

The advantage of the present behavioral paradigm is

that the aversive nature of neuropathic and inflammatory

pain conditions in animals is measured by examining the

avoidance of a preferred location[37-41]. In CPA paradigms,

the unconditioned stimulus administration is applied during

a period of animal confinement to a specific location in the

test chamber, after (i.e., 24 h later) which the animals are tested

in the absence of unconditioned stimulus to see if they will

avoid the specific location to which they were previously

confined. In the PEAP experiment, a single test session is

used and behavioral test is always performed in the presence

of unconditioned stimulus, without a training process. The

behavioral paradigm allows animals to choose an environ-

ment associated with the application of a mechanical stimu-

lus to the hyperalgesic paw or the non-operated contralat-

eral paw.

Of primary interest is that animals still demonstrated a

preference for mechanical stimulus administration to the

nonafflicted paw rather than to the afflicted one. In other

words, the animals performed a purposeful behavioral re-

sponse to avoid mechanical stimulation of the afflicted paw,

when allowed to choose where the noxious mechanical stimu-

lus was administered. It is hypothesized that lower von Frey
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forces and less frequent stimulation would reduce the amount

of time spent in the light area of the chamber. In other words,

the association between chamber location and paw stimula-

tion would not be as great as that with a lower von Frey

monofilament force or less frequent stimulation.

Fuchs et al. also demonstrated that the ACC contrib-

utes to the affective component of pain. After electrical stimu-

lation of nerve-injured rats, the aversive quality of noxious

cutaneous hindpaw stimulation was attenuated[7]. It has also

been found that GABAA but not GABAB receptors in the

rostral ACC selectively modulate pain-induced escape/avoid-

ance behavior[7,42]. In short, the PEAP can be used in neuro-

pathic pain models and complete Freund’s adjuvant inflam-

matory model[37-41,43].

3    Conclusion

The above mentioned behavioral methods for assess-

ing pain affective component are dependent on spinal and

brainstem or cerebral processing of nociception. Since aver-

sive response is reflected by the escape from one compo-

nent of the shuttle box, the motor function of rats in the

operation group must be intact. Methods listed above are

commonly used in basic pain research, but for a specific pain

model, there should be an appropriate measurement method

(Table 1). For example, the study on pain aversion affect

caused by pathological neuropathic pain, a common method

in clinic, should choose modified CPA paradigm or PEAP,

while F-CPA only fits acute pain, such as carrageenan and

formalin models[9,12,13]. Ultrasonic vocalization has been used

to address the emotional-affective responses to painful stimuli

in arthritic, formalin and muscular pain models[17-23]. Most of

such behavioral paradigms use a negative reinforcement strat-

egy whereby the subject learns to perform a behavior that

terminates the pain stimulus or supplies an analgesic.

It should be noted that behavioral studies assume that

manipulations to limbic system structures that alter ongoing

and stimulus-evoked behavior reflect the changes in affec-

tive/motivational processing[44,45]. Behavioral tests that mea-

sure ongoing and stimulus-evoked behaviors are likely to

examine both sensory and affective/motivational processes.

Consequently, it is difficult to determine whether attenua-

tion of ongoing and stimulus-evoked behavior as measured

using a withdrawal responses is due to the alteration of sen-

sory and/or affective/motivational processing. Similarly, the

failure to attenuate ongoing or stimulus-evoked behavior

does not necessarily mean that there is no alteration of affec-

tive processing. Thus, more behavioral paradigms are required

to test the reality of pain-affective aversion.

Table 1. Behavioral assessments of pain-related affection in rats

Measurement Animal models Advantages

Vocalization response test Arthritic, formalin and muscular pain[15-26] Test primary pain unpleasantness

F-CPA paradigm Acute pain models,such as formalin, complete Test affective and sensory pain together

  Freund’s adjuvant models[9-13,27,28,30-32,44]

Modified CPA coupled with novel Neuropathic pain models and carrageenan Test pain-related affection under neuropathic

  objects paradigm   inflammatory model[35]   pain and inflammatory pain states

Place escape/aversion paradigm Neuropathic pain models and complete Freund’s Test pain-related affection under neuropathic

  adjuvant inflammatory model[37-42] pain and inflammatory pain states

OPA: conditioned place avoidance. F-CPA: formalin-induced conditioned place avoidance.

Acknowledgements: This work was supported by the

grant from the National Natural Science Foundation of China

(No. 30870830). We thank Dr. Li-Min CHEN for her critical

reading of this manuscript.

References:

 [1] Merksey H, Bogduk N. Classification of Chronic Pain. Seattle:

IASP Press, 1994.

 [2] Melzack R, Casey KL. Sensory, motivational and central con-



66 Neurosci Bull    February 1, 2011, 27(1): 61-67

trol determinants of chronic pain: A new conceptual model. In

Kenshalo DR. The Skin senses. Springfield Illinois: Charles C

Thomas. 1968: 432.

 [3] Rainville P, Feine JS, Bushnell MC, Duncan GH. A psychophysi-

cal comparison of sensory and affective responses to four mo-

dalities of experimental pain. Somatosens Mot Res 1992, 9(4):

265-277.

 [4] Tracey I, Mantyh PW. The cerebral signature for pain percep-

tion and its modulation. Neuron 2007, 55(3): 377-391.

 [5] Schnitzler A, Ploner M. Neurophysiology and functional neu-

roanatomy of pain perception. J Clin Neurophysiol 2000, 17

(6): 592-603.

 [6] Vogt BA. Pain and emotion interactions in subregions of the

cingulate gyrus. Nat Rev Neurosci 2005, 6(7): 533-544.

 [7] LaBuda CJ, Fuchs PN. Attenuation of negative pain affect pro-

duced by unilateral spinal nerve injury in the rat following ante-

rior cingulate cortex activation. Neuroscience 2005, 136(1):

311-322.

 [8] Turk DC, Rudy TE. The robustness of an empirically derived

taxonomy of chronic pain patients. Pain 1990, 43(1): 27-35.

 [9] Johansen JP, Fields HL, Manning BH. The affective component

of pain in rodents: direct evidence for a contribution of the

anterior cingulate cortex. Proc Natl Acad Sci U S A 2001, 98

(14): 8077-8082.

[10] Treede RD, Kenshalo DR, Gracely RH, Jones AK. The cortical

representation of pain. Pain 1999, 79(2-3): 105-111.

[11] Sewards TV, Sewards M. Separate, parallel sensory and hedonic

pathways in the mammalian somatosensory system. Brain Res

Bull 2002, 58(3): 243-260.

[12] Tanimoto S, Nakagawa T, Yamauchi Y, Minami M, Satoh M.

Differential contributions of the basolateral and central nuclei

of the amygdala in the negative affective component of chemi-

cal somatic and visceral pains in rats. Eur J Neurosci 2003, 18

(8): 2343-2350.

[13] Deyama S, Nakagawa T, Kaneko S, Uehara T, Minami M. In-

volvement of the bed nucleus of the stria terminalis in the nega-

tive affective component of visceral and somatic pain in rats.

Behav Brain Res 2007, 176(2): 367-371.

[14] Gao YJ, Ren WH, Zhang YQ, Zhao ZQ. Contributions of the

anterior cingulate cortex and amygdala to pain- and fear-condi-

tioned place avoidance in rats. Pain 2004, 110(1-2): 343-353.

[15] Okon E. Factors affecting ultrasound production in infant rodents.

J Zoology 1972, 168: 139-148.

[16] Hofer MA, Shair HN. Isolation distress in two-week-old rats:

influence of home cage, social companions, and prior experi-

ence with littermates. Dev Psychobiol 1987, 20(4): 465-476.

[17] Ardid D, Jourdan D, Eschalier A, Arabia C, Le Bars D. Vocaliza-

tion elicited by activation of A delta- and C-fibres in the rat.

Neuroreport 1993, 5(2): 105-108.

[18] Jourdan D, Ardid D, Chapuy E, Eschalier A, Le Bars D. Audible

and ultrasonic vocalization elicited by single electrical nocicep-

tive stimuli to the tail in the rat. Pain 1995, 63(2): 237-249.

[19] Calvino B, Besson J, Boehrer A, Depaulis A. Vocalization elicited

by activation of A delta- and C-fibres in the rat. Neuroreport

1996, 7(2): 581-584.

[20] Dinh HK, Larkin A, Gatlin L, Piepmeier EJ. Rat ultrasound

model for measuring pain resulting from intramuscularly injected

antimicrobials. PDA J Pharm Sci Technol 1999, 53(1): 40-43.

[21] Han JS, Bird GC, Li W, Jones J, Neugebauer V. Computerized

analysis of audible and ultrasonic vocalizations of rats as a stan-

dardized measure of pain-related behavior. J Neurosci Methods

2005, 141(2): 261-269.

[22] Adwanikar H, Ji G, Li W, Doods H, Willis W, Neugebauer V.

Spinal CGRP1 receptors contribute to supraspinally organized

pain behavior and pain-related sensitization of amygdala neurons.

Pain 2007, 132(1-2): 53-66.

[23] Oliveira AR, Barros HM. Ultrasonic rat vocalizations during the

formalin test: a measure of the affective dimension of pain.

Anesth Analg 2006, 102(3): 832-839.

[24] Jourdan D, Ardid D, Eschalier A. Analysis of ultrasonic

vocalisation does not allow chronic pain to be evaluated in rats.

Pain 2002, 95(1-2): 165-173.

[25] Williams WO, Riskin DK, Mott AK. Ultrasonic sound as an

indicator of acute pain in laboratory mice. J Am Assoc Lab Anim

Sci 2008, 47(1): 8-10.

[26] Kurejova M, Nattenmuller U, Hildebrandt U, Selvaraj D, Stosser

S, Kuner R. An improved behavioral assay demonstrates that

ultrasound vocalizations constitute a reliable indicator of chronic

cancer pain and neuropathic pain. Mol Pain 2010, 6: 18.

[27] Price DD. Psychological and neural mechanisms of the affective

dimension of pain. Science 2000, 288(5472): 1769-1772.

[28] Deyama S, Yamamoto J, Machida T, Tanimoto S, Nakagawa T,

Kaneko S, et al. Inhibition of glutamatergic transmission by

morphine in the basolateral amygdaloid nucleus reduces pain-

induced aversion. Neurosci Res 2007, 59(2): 199-204.

[29] Li TT, Ren WH, Xiao X, Nan J, Cheng LZ, Zhang XH, et al.

NMDA NR2A and NR2B receptors in the rostral anterior cingu-

late cortex contribute to pain-related aversion in male rats. Pain

2009, 146(1-2): 183-193.

[30] Wu LJ, Toyoda H, Zhao MG, Lee YS, Tang J, Ko SW, et al.

Upregulation of forebrain NMDA NR2B receptors contributes

to behavioral sensitization after inflammation. J Neurosci 2005,

25(48):11107-11116.

[31] Xu H, Wu LJ, Wang H, Zhang X, Vadakkan KI, Kim SS, et al.

Presynaptic and postsynaptic amplifications of neuropathic pain

in the anterior cingulate cortex. J Neurosci 2008, 28(29): 7445-



67Xu-Jie ZHANG, et al.    Behavioral assessments of the aversive quality of pain in animals

7453.

[32] Morimoto M, Morita N, Ozawa H, Yokoyama K, Kawata M.

Distribution of glucocorticoid receptor immunoreactivity and

mRNA in the rat brain: an immunohistochemical and in situ

hybridization study. Neurosci Res 1996, 26(3): 235-269.

[33] Wang HC, Wang YC, Huang AC, Chai SC, Wu YS, Wang CC.

Roles of corticosterone in formalin-induced conditioned place

aversion in rats. Neurosci Lett 2009, 464(2): 122-126.

[34] Blackburn-Munro G. Pain-like behaviours in animals —— how

human are they? Trends Pharmacol Sci 2004, 25: 299-305.

[35] Hummel M, Lu P, Cummons TA, Whiteside GT. The persis-

tence of a long-term negative affective state following the in-

duction of either acute or chronic pain. Pain 2008, 140(3): 436-

445.

[36] Roth-Isigkeit A, Thyen U, Stoven H, Schwarzenberger J,

Schmucker P. Pain among children and adolescents: restrictions

in daily living and triggering factors. Pediatrics 2005, 115(2):

e152-162.

[37] LaBuda CJ, Fuchs PN. A behavioral test paradigm to measure the

aversive quality of inflammatory and neuropathic pain in rats.

Exp Neurol 2000, 163(2): 490-494.

[38] LaBuda CJ, Fuchs PN. Morphine and gabapentin decrease me-

chanical hyperalgesia and escape/avoidance behavior in a rat

model of neuropathic pain. Neurosci Lett 2000, 290(2): 137-

140.

[39] LaBuda CJ, Fuchs PN. Low dose aspirin attenuates escape/avoid-

ance behavior, but does not reduce mechanical hyperalgesia in a

rodent model of inflammatory pain. Neurosci Lett 2001, 304

(3): 137-140.

[40] Wilson HD, Boyette-Davis J, Fuchs PN. The relationship be-

tween basal level of anxiety and the affective response to

inflammation. Physiol Behav 2007, 90(2-3): 506-511.

[41] Wilson HD, Uhelski ML, Fuchs PN. Examining the role of the

medial thalamus in modulating the affective dimension of pain.

Brain Res 2008, 1229: 90-99.

[42] LaGraize SC, Fuchs PN. GABAA but not GABAB receptors in

the rostral anterior cingulate cortex selectively modulate pain-

induced escape/avoidance behavior. Exp Neurol 2007, 204(1):

182-194.

[43] Li TT, Ren WH, Xiao X, Nan J, Cheng LZ, Zhang XH, et al.

NMDA NR2A and NR2B receptors in the rostral anterior cingu-

late cortex contribute to pain-related aversion in male rats. Pain

2009, 146: 183-193.

[44] Fuchs PN, Balinsky M, Melzack R. Electrical stimulation of the

cingulum bundle and surrounding cortical tissue reduces forma-

lin-test pain in the rat. Brain Res 1996, 743(1-2): 116-123.

[45] Fuchs PN, Melzack R. Analgesia induced by morphine microin-

jection into the lateral hypothalamus of the rat. Exp Neurol

1995, 134(2): 277-280.

动物痛厌恶情绪的行为学检测

张许杰 1,2，张天蔚 1,3，胡三觉 1，徐晖 1

第四军医大学 1 神经生物学教研室，22005 年级口腔医学系，32006 年级口腔医学系，西安 710032

摘要
 
：动物和人有着类似的痛感知机制和参与疼痛加工的大脑脑区。他们也会表现出相似的痛行为，譬如对伤害

性刺激的反射性感觉。疼痛常用感觉(感觉质量)维度和情感动机(不愉快)维度来描述。基础和临床研究都显示，慢

性痛患者经常遭受比实在的痛感觉更多的、与疼痛有关的情绪痛苦。虽然介导痛感觉的神经机制已经被广泛研究，

但是痛负面情绪的神经机制还没有得到很好的了解，这主要归因于目前相对模糊的检测疼痛不同成分的行为学方法。

人可以用语言来表达疼痛和痛苦的经历，而动物只能依靠其行为学反应来体现疼痛。动物行为学、认知心理学和

脑功能成像技术使得检测动物的痛情绪和痛记忆成为可能。遭受神经病理性痛或炎性痛伤害后，动物会在行为上表

现出对痛配对环境的条件位置性躲避。本文主要对目前常用的大鼠痛厌恶情绪的检测方法进行综述。

关键词  ：痛厌恶情绪；不愉快；条件位置逃避；疼痛
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