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Abstract

The present study was designed to examine the possible differential roles of the medial and lateral pain systems in pain perception. We

used a microwire array recording technique to record the pain-evoked neural activity of multiple neurons in freely moving rats. Noxious

radiant heat was delivered to either hind-paw in a randomized order. A total of 256 single units were recorded in primary somatosensory

cortex (SI), anterior cingulate cortex (ACC), and medial dorsal (MD) and ventral posterior (VP) thalamus during the painful stimulation. The

results showed that SI neurons displayed a strong pain-related excitatory response with short duration and significant contralateral bias; VP

had very similar functional patterns to that of SI. This suggested that SI, together with VP, participate in the processing of the sensory-

discriminative aspect of pain. In contrast, ACC and MD shared common characteristics of moderate and longer-lasting increase of neural

activity, bilateral receptive fields without contralateral preference, as well as the anticipatory response at the start of a painful stimulus,

corresponding to the specific role of ACC and MD in the affective-motivational aspects of pain. The results provide an initial demonstration

of distributed activity patterns within different pain systems in awake and freely moving rats, hence, providing confirmation of the existence

of the dual pain pathways.

D 2003 Elsevier B.V. All rights reserved.
Theme: Sensory systems

Topic: Pain: pathways

Keywords: Primary somatosensory cortex; Cingulate cortex; Thalamus; Nociception; Microelectrode
1. Introduction

It has long been recognized that pain is a multidimen-

sional phenomenon. It is composed of sensory-discrimina-

tive and affective-motivational components, which are

processed by parallel neural systems [2,21]. The ‘lateral

pain system’, including lateral thalamic nuclei and somato-

sensory cortex, is thought to transmit information mainly

about sensory features of pain stimuli, such as stimulus

location, duration, intensity, and quality. On the other hand,

the ‘medial pain system’ including the medial thalamic

nuclei and cingulate cortex has been proposed to mediate

the affective-motivational aspects of pain [16,33,39].

Evidence for dual pain systems is abundant. Neuroimag-

ing studies have shown that multiple cortical regions are
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activated during painful stimulation. Among frequently

activated cortical and subcortical regions are primary and

secondary somatosensory cortex (SI and SII), anterior

cingulate cortex (ACC), insular cortex (IC), and thalamus

[6,10,11,15,17,26,38]. Data from anatomical and physiolog-

ical studies reveal that somatosensory cortex receives noci-

ceptive input mainly from lateral thalamic nuclei [12,14,37].

Clinical research has demonstrated that SI and SII lesions

cause deficits in pain sensation without impairing pain

affect, suggesting that somatosensory cortices are necessary

for encoding selectively the sensory-discriminative aspects

of pain [13,27]. In contrast, the nociceptive projections to

ACC come largely from medial thalamic nuclei (midline

and intralaminar nuclei) [36,41]. Using hypnotic suggestion,

Rainville et al. [31] demonstrated that ACC was specifically

related to the pain unpleasantness but not pain sensation.

Also, single unit recordings in ACC of anesthetized rabbits

and rats revealed nociceptive neurons that were not orga-

nized somatotopically and had large receptive fields [36,42],
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corresponding to the notion that ACC is engaged in pro-

cessing pain affect.

Although it is widely accepted that nociceptive informa-

tion is transmitted by separate, parallel pain systems, the

neural basis for pain processing remains primarily uncertain.

First, the limited temporal resolution of functional imaging

does not allow for direct investigation of the pain-related

activities over short durations [26,28]. Second, much of the

experimental data on pain research has come from anesthe-

tized animals [7,36,42]. The neural responses evoked by

pain stimuli under anesthetized conditions should not be

identical to those in the awake state, since this might

interfere with the transmission and decoding of pain signals.
Fig. 1. Rasters and perievent histograms showed the typical excitatory neurona

Extracellularly recorded spike activity was sorted as nondiscriminated waveforms

displayed strong pain-related excitatory responses with short duration; in contrast, A

activity. Each dot in the raster (top) depicted the time of occurrence of a neuronal s

(bottom) illustrated the average firing rate of a neuron around a painful stimulus;

primary somatosensory cortex; ACC, the anterior cingulate cortex; MD, the med
Third, it is well known that even the simplest behaviors

depend on the concurrent activation of large populations of

neurons distributed across the brain [23]. Traditional single-

unit recording techniques have sampled the activity of only

one neuron, and the coding strategy of neural ensembles

cannot ultimately be resolved without information about

concurrent activity of ensembles of neurons. To date, there

are no available data regarding neural ensemble activity

corresponding to the cerebral coding of pain.

In the current study, we recorded pain-related neuronal

activities with microwire arrays to obtain simultaneous

recordings from groups of single neurons in freely moving

rats. The aim of this study is to depict the time course of
l response in SI, VP, ACC, and MD (A–D) during painful stimulation.

(E) and validated as single-unit discharge (F). SI (A) and VP (B) neurons

CC (C) and MD (D) showed moderate and longer-lasting increase of neural

pike, with each row representing an individual trial. The perievent histogram

time = 0 on the x-axis corresponded to the time of stimulation start. SI, the

ial dorsal thalamus; VP, the ventral posterior thalamus.
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neuronal activity patterns in SI, ACC, and medial and lateral

thalamus, and thus, to clarify the existence of parallel pain

systems.
Table 1

Summary of the experimental groups and recorded neurons

Rat no. Target areas Side of

microelectrode

arrays

Number of

units

1 SI, ACC, VP, MD unilateral 32

2 SI, ACC, VP, MD unilateral 32

3 SI, ACC, VP, MD unilateral 27

4 SI, VP bilateral 35

5 SI, VP bilateral 31

6 SI, VP bilateral 34

7 ACC, MD bilateral 33

8 ACC, MD bilateral 32

Total units = 256.

SI, the primary somatosensory cortex; ACC, the anterior cingulate cortex;

MD, the medial dorsal thalamus; VP, the ventral posterior thalamus.
2. Materials and methods

2.1. Animals and surgery

Eight male Sprague–Dawley rats weighing 300–350 g

were used in this study. Animals were housed under 12-

h dark–light cycle (light phase 7:30 am–7:30 pm) for at

least 1 week before surgery, with food and water available

ad libitum. All experiments were carried out in accor-

dance with the Institutional Animal Care and Use Com-

mittee of Peking University. All efforts were made to

minimize animal suffering and reduce the number of

animals used.

Animals were anesthetized with ketamine (100 mg/kg,

i.p.), and then transferred to a Kopf stereotaxic apparatus.

Supplementary doses (one third of the original) of ketamine

were given when necessary to keep a sufficient level of

anesthesia. Four small craniotomies were made for micro-

electrode array implantation. Coordinates for the cranioto-

mies were according to the atlas of Paxinos and Watson [24]

as follows: (1) for SI, 1.0 mm posterior to bregma (� 1.0

A), 2.0 mm lateral to midline (L), and 2.0 mm ventral to the

skull surface (V); (2) for ACC, 3.2 A, 0.8 L, and 2.8 V; 3)

for medial dorsal thalamus (MD), � 2.3 A, 0.8 L, and 5.5 V;

4) for ventral posterior thalamus (VP), � 3.0 A, 3.0 L, and

6.0 V. Arrays of eight stainless steel Teflon-insulated micro-

wires (50-Am diameter, Biographics, Winston Salem, NC)

were slowly lowered into the target areas. The microelec-

trode arrays were secured onto the cranium with dental

cement using skull screws as anchors. Animals were ad-

ministered penicillin (60,000 U, i.m.) before surgery to

prevent infection and housed individually after surgery.

2.2. Experimental procedure

Experiments started 7 days after surgery. Animals were

placed in a plastic chamber (44� 44� 44 cm3) and allowed

to move freely during the entire recording session. Light-

weight cables connected the detachable headset to a rotating

commutator on the ceiling of the chamber to allow for the

animal’s free movements. Noxious radiant heat from a 12.5-

W projector bulb was used as painful stimulation, which

was randomly applied to either side of the plantar surface of

the rats’ hind-paws via a 4-mm diameter opening and

through a glass floor (1 mm thick). The nociceptive

responses were measured by paw withdrawal elicited by

the radiant heat. A time stamp series (resolution, 1 ms)

marking stimulus start and end was recorded and synchro-

nized with the neural spike recordings. The interstimulus

interval was no less than 20 s. Each recording session lasted

1.5–2.0 h. Painful stimuli were delivered only when animal
was quiet and showed no voluntary motor activity. Thus, the

interstimulus intervals were not quite consistent throughout

the recording session because the animal could sometimes

be active (e.g. grooming or moving around the chamber).

Sham stimuli were randomly inserted among real painful

stimulation (i.e., turned the light on and off to mimic the real

stimulation without focusing on the rat paw). The neural

responses around sham stimulation were recorded as con-

trol. The animal’s behavior during the whole experimental

session of experiment was recorded into a digital video file

for off-line analysis.

2.3. Electrophysiological recording

Neuroelectric signals were obtained from the stainless

steel microwires and passed from the headset assemblies to

a preamplifier via two lightweight cables and a commutator.

The signals were then filtered (0.5 and 5 kHz, 6 dB cutoff)

before being sent to a multichannel spike-sorting device.

The sampling rate is 50 kHz. Spike activities were moni-

tored on a computer with a time resolution of 20 As, picked
up by setting proper parameters for amplitude and duration,

and recorded into a database file with a PC-based software

Magnet (Biographics). Data was then analyzed with a

commercially available PC-based program (STRANGER,

Biographics). The identity of clearly sorted single neurons

was verified by graphical capture of waveform (see Fig. 1E

and F for example). We also routinely compute inter spike

interval (ISI) histograms of the spike train data. If the ISI

plots reveal counts in bins close to zero, the neuron will be

rejected. The time stamps of these waveforms were then

stored on a personal computer for off-line analysis.

2.4. Data analysis

Bin counts for each trial (0.1 s bin size) were calculated

using the analysis program NeuroExplorer (Plexon, Dallas,

TX) and the results were exported to Matlab in spreadsheet

form. Neural responses to pain stimulation were evaluated

using a sliding window averaging technique [34], in which a



Table 2

Summary of percent of total responding units according to response type

ACC MD SI VP

Total number of

neurons

59 55 74 68

Excitatory 32 (54%) 27 (49%) 54 (73%) 62 (91%)

Inhibitory 9 (15%) 4 (7%) 0 0

Sum 41 (69%) 31 (56%) 54 (73%) 62 (91%)
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1-s time window was slid through the entire period of a trial

at 0.1-s step. The bin counts of each window were compared

with those of a preset 3-s control window 10 s before the

stimulation event by Student’s t-test. The differences were

considered significant only when it reached a significance

level of p < 0.005 in three consecutive steps, thus to achieve

a global significance of p < 0.05 (as proposed by a Monte

Carlo simulation with a program (AlphaSim) proposed by
Fig. 2. Cluster plot depicted the temporal distribution patterns of neural activity in

and standard deviation of 1 (dark red for the highest frequency and dark blue for low

line of the image represents normalized activity of one neuron. Both ACC and M

portion of them presented early responses at the start of painful stimuli; in contras

stimuli with a latency of 2–4 s.
Douglas Ward (http://afni.nimh.nih.gov/afni/AFNI_Help/

AlphaSim.html).

A cluster technique (K-means, SPSS) was used to sort

neuronal responses depending on the similarities in patterns

of excitation or inhibition around stimulation events. Nor-

malized firing rates (z) were used to visualize activity

patterns in populations. This was calculated by the follow-

ing formula: z=(x�m)/s, where x is the raw firing rate,

computed within the moving window, of a neuron at a

particular time bin, and m and s are mean and standard

deviation, respectively, of its firing rates throughout the

whole time period (� 10 to + 10 s) around the stimulation

events.

To compare the neural responses between different

events (e.g., cortical responses evoked by ipsilateral vs.

contralateral hind-paw stimulation), we adapted the infor-

mation theory concept ‘surprise’. This is defined as the
ACC, MD, SI, and VP. The firing rate was normalized to the average of 0

est); time = 0 on the axis corresponded to the time of stimulation start. Each

D neurons showed less intense spike activity; more importantly, a small

t, neurons in SI and VP were activated more strongly and responded to pain

 http:\\afni.nimh.nih.gov\afni\AFNI_Help\AlphaSim.html 
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negative natural logarithm of the statistical p values, i.e., -ln

p, and is used to plot the averaged ensemble significance

of neuronal responses over time. This was initially intro-

duced by Aertsen et al. [1] to express the significance

across time for joint peristimulation time histogram. This

logarithmic transformation serves to expand the scale in the

interesting region in which the probability density has low

values (i.e., for p values smaller than 0.05). Moreover, it

allows a more sensible comparison of different values of

significance. The ‘p values’ produced by the aforementioned

sliding-window method were converted into surprise to

highlight the significance of the responses distributed over

a time period.

2.5. Histology

After the termination of the experiment, rats received an

overdose of ketamine. Recording sites were marked by

electrophoretically deposited iron (10–20 AA DC current,

10–20 s duration, anode at the electrode) at the tips of

selected wires. Animals were then perfused with 4% para-

formaldehyde. The brains were post-fixed in a solution of

5% potassium ferricyanide/4% paraformaldehyde for sever-

al days. Coronal sections (40 Am) were cut through the SI,

ACC, and thalamus. Recording sites were determined under

a light microscope. The iron deposits were easily identified

as blue dots.
Fig. 3. Surprise plot indicating an overall bilateral response to unilateral painful

start. The y-axis represented the negative logarithm of the probability (-ln p). As s

biased response (B) compared to SI. By contrast, ACC (C) and MD (D) increased t

showed an initial peak within 1 s near the stimulation start, suggesting an anticip
3. Results

3.1. Pain-related behaviors

When noxious radiant heat was applied to the hind paw,

rats promptly lifted their feet with an average latency of

3.2F 0.1 s; this was followed by aversive behaviors such as

licking of the stimulated paw, accompanied occasionally by

gentle biting. The latencies on each side of the foot were

compared with paired t-test. No statistically significant

difference was noted between left and right hind paws

( p = 0.7181). During the sham stimulation, rats usually sat

silently without any visible movement or other behavioral

responses.

3.2. Pain-evoked neural activity

Data included in this study were from eight male

Sprague–Dawley rats, with ACC and MD from six of

the rats while SI and VP from five. A total of 256

neurons were recorded during pain stimulation (74 SI, 59

ACC, 68 VP, and 55 MD). Table 1 summarized the

location of microelectrode arrays and the number of

units recorded from each rat. The mean firing rates of

ACC, SI, VP, and MD neurons were 3.8F 0.4,

4.4F 0.4, 5.8F 0.7, and 6.6F 0.7 spikes/s (meanF S.E.),

respectively.
stimulation. Time = 0 on the x-axis corresponded to the time of stimulation

hown here, SI had significant contralateral bias (A); VP had a slightly less

heir neural activity bilaterally without contralateral bias. Both ACC and MD

atory response regarding pain stimuli.



Research 992 (2003) 263–271
3.2.1. General neuronal responses

The single units could be classified into two categories,

i.e., excitatory or inhibitory, according to their responses to

pain. The overall neuronal responses in the 256 neurons

were summarized in Table 2.

In ACC and MD, the most common response was

excitatory, although occasional units with inhibitory re-

sponse were encountered. Of 59 units recorded from the

ACC, 32 (54%) showed significant excitatory responses to

pain stimulation, whereas 9 (15%) displayed significant

inhibitory responses. In the MD thalamus, 27 of 55 (49%)

units were excitatory and 4 of 55 (7%) were inhibitory. In

contrast, the response observed in SI and VP was exclu-

sively excitatory during noxious stimulation. As indicated in

Table 2, 73% of units in SI displayed increased alterations in

firing rate. In addition, a higher proportion of 91% of units

increased the spike activity in VP thalamus. No units

showed biphasic responses in each of the areas during the

J.-Y. Wang et al. / Brain268
Fig. 4. A schematic drawing indicating the location of recording sites in ACC (A

deposits at the tips of selected microwires.
entire recording sessions. Rasters and perievent histograms

depicted the average firing rate and typical excitatory

response in the four recording areas, as illustrated in Fig.

1. Note the difference in neural spike activity among the

different areas. The neuronal activity in ACC and MD

slowly increased and lasted longer, compared with the sharp

increase in SI and VP.

3.2.2. Temporal coding patterns

Fig. 2 shows the neuronal responses of the cortex and

thalamus arranged in clusters according to its temporal

sequence. The firing rate for each neuron (indicated with a

line in the image) was normalized to an average of 0 Hz and

a standard deviation of 1 to display relative changes (red for

the highest frequency and blue for lowest). Time = 0 on the

transverse axis corresponded to the time of stimulation start.

As depicted in Fig. 2, both ACC and MD neurons showed

relatively moderate changes of spike activity. More impor-
), SI (B), MD (C) and VP (D). The black dots labeled the position of iron
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tantly, a small portion of them presented early responses to

pain stimulation. In contrast, neurons in SI and VP were

activated more strongly and responded to pain stimuli with a

latency of 2–4 s. The relative response magnitude of SI and

VP was notably higher (darker red) than that of ACC and

MD. This result revealed that ACC and MD might be

functionally associated in the coding of pain. Such was

the case for SI and VP.

3.2.3. Spatial coding patterns

The surprise plot of � ln p indicated an overall bilateral

response to unilateral painful stimuli, with significant

contralateral bias in SI and a less evident contralateral

bias in VP (Fig. 3A and B). By contrast, ACC and MD

increased their neural activity bilaterally without contralat-

eral bias (Fig. 3C and D). It is interesting to see that both

ACC and MD showed an initial peak within 1 s near the

stimulation start (including sham stimulation), suggesting

an anticipatory response mediated by the medial pain

pathway.

3.3. Histology

The location of microwires as revealed by the iron

deposits at the tips of selected microwires was depicted in

Fig. 4, in which the black dots labeled the recording sites.

As indicated in the figure, in the cingulate cortex, most of

the iron deposits were found in the anterior areas; in the

somatosensory cortex, most of the recording tips were in the

hind limb region; in MD, tips were mainly found in the

mediodorsal part; whereas in VP, the tips were primarily

located in ventroposterior part.
4. Discussion

This study provides the first report characterizing the

simultaneously recorded single-neuron response patterns of

SI, ACC, and lateral and medial thalamus to painful stimuli.

With the many-neuron microwire array recording technique,

our results reveal a fundamental difference in the temporal

coding patterns of both pain systems. The data support the

idea that SI and lateral thalamus are mainly engaged in pain

sensation whereas ACC and medial thalamus may mediate

pain affect. In addition, we infer that SI may play a role in

integrating nociceptive information from both contralateral

and ipsilateral hind-paws, based on the findings that SI

showed bilateral neural activity despite the contralateral bias

in response to unilateral painful stimuli.

4.1. Methodological considerations

The many-neuron microwire array recording technique

allows for simultaneous measurement of the spike activity

of dozens of individual neurons in behavior animals [8,22].

The procedure was developed originally to provide a real-
time window onto neuronal function so that the investigator

may better understand the relationship between neuronal

activity and behavior. Here, we first introduce this method

to study pain-evoked neural responses in distributed neural

circuits. This will eventually allow study of how neural

ensembles encode the nociceptive information. The fine

spatial and temporal resolutions of this technique will

contribute toward defining pain-related brain regions with

greater precision.

In the present study, we have used noxious radiant heat

as a means of evoking painful sensation without a major

tactile component. This procedure minimized the possibility

that spatial information of pain signal comes from tactile

input, which is a major advantage over electric or mechan-

ical noxious stimulation.

4.2. Primary somatosensory cortex and lateral thalamic

nuclei

The potential role of SI in pain processing so far has been

difficult to clarify. One reason is that functional neuro-

imaging studies do not consistently reveal pain-related

activation of SI [26]. Several factors may contribute to the

failure to detect SI activation in pain processing. These

include, cognitive factors, imprecise tactile components of

pain stimuli, inhibitory effects within SI as well as the low

temporal resolution of imaging techniques [3,5,25]. Our

result indicated that SI may have an essential role in the

sensory-discriminative aspects of pain. First, the perievent

histograms showed a strong but brief increase of firing rate

in SI. This may be related closely with ‘first pain’, the early

component of pain perception, because first pain is charac-

terized by a short duration, with sharp and precise location.

This is in accordance with the MEG study of Ploner et al.

[28] who proposed that transient SI activation may mediate

first pain. Results from our current study indicated that SI is

involved in coding the short-term temporal element of pain.

Second, SI activity was revealed as contralaterally biased

neural activity in response to unilateral painful stimulation,

reflecting a role of SI in coding the stimulus location. This

was consistent with the result of Bingel et al. [4], who used

a laser stimulus as noxious stimulation and found significant

contralateral preference in SI. Previous electrophysiological

evidence in animals also demonstrated that the nociceptive

SI neurons had restricted receptive fields [9,18–20], in

agreement with the notion that SI is responsible for the

stimulus location.

Ventral posterior thalamus (VP), a lateral thalamic nu-

cleus, had a response pattern very similar to that for SI,

which could be seen in Figs. 1, 2 and 3. Anatomic studies

revealed nociceptive projections from the lateral thalamic

nuclei, particularly from the ventral posterior lateral nucleus

(VPL), to SI [14]. So, it is possible that lateral thalamus

shares with SI in the processing of pain.

An interesting feature of our result was that SI was

frequently activated bilaterally during pain stimulation
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(Fig. 3), despite the contralateral predominance. This may be

attributed to the bilateral interactions in SI during the

processing of painful stimulation via connections between

hemispheres. These pathways make it possible for SI to

integrate information from both contralateral and ipsilateral

hind-paws. The function of transcallosal activity remains

primarily unknown, but one might presume that the infor-

mation could be used to influence appropriate motor

responses. Shuler et al. [35] also found that SI neurons

respond to both contralateral and ipsilateral whisker stimuli.

They interpret this as evidence of cortical integration of

bilateral whisker stimuli. Their findings and our current

result present a challenge to the conventional notion that

the cortices simply process contralateral aspects of unilateral

stimuli.

4.3. Anterior cingulate cortex and medial thalamic nuclei

Data about the involvement of ACC in the affective

dimension of pain comes mostly from neuroimaging studies

[17,26,30]. Electrophysiological recordings in the rabbits

and rats demonstrated that nociceptive neurons in ACC had

large and bilateral receptive fields [36,40,42], a property that

was consistent with a role in the affective or motivational

processing. Our results provide further evidence for the

participation of ACC in coding the affective-motivational

aspects of pain. First, in the present study, the neuronal

responses in ACC were not as strong as SI but with longer-

lasting duration, reflecting that ACC is not involved pri-

marily in precise pain discrimination. Second, we also found

ACC showed an anticipatory response at the very onset of

the light leading to the painful stimulation (Figs. 2 and 3),

which does not occur in SI and VP. This could also be seen

during sham stimulation, when rats usually sit silently

without any visible movement or other behavioral

responses. Since this is the first pain-testing session for

these rats, and sham stimulation was randomly inserted, it

should not be considered as a model of conditioning. On the

other hand, since pain is a strong unpleasant feeling, rats

might quickly learn to notice the stimulation that was once

associated with pain. Thus, the observed early responses in

MD and ACC might better be interpreted as anticipatory or

motivational response to these pain-related environmental

changes. This suggests a specific role of ACC in associative

processes related to the affective-motivational component of

pain. Third, we confirmed that ACC neurons had bilateral

receptive fields, according with its role in coding conse-

quences of the pain affect.

Anatomical studies provide direct evidence to the pro-

jection from medial thalamus to ACC [32,41]. Neurons in

medial thalamus typically had large bilateral receptive

fields, similar to that of ACC neurons. Our finding of the

same response patterns in MD as that in ACC strongly

suggested a close functional association between MD and

ACC in pain perception. They may work together as

components of a distributed system to subserve the affec-
tive-motivational rather than sensory-discriminative aspects

of pain.

Price [29] supports the idea that pain sensation is in series

with and is a cause of pain unpleasantness. However, our

results show that brain areas composed of medial and lateral

pain system respond concurrently to peripheral pain stimu-

lation. This seems to be in favor of the conventional view of

Melzack and Casey [21] that pain sensation and affect may

be processed in parallel. Sikes and Vogt [36] also point out

that complete disconnection of ACC from somatosensory

cortex in rabbits does not alter the percentage of units driven

by noxious stimuli nor response latency within ACC. Thus,

it is possible that ACC receives nociceptive inputs in

parallel with somatosensory cortex. Nevertheless, the radi-

ant heat stimulation employed in the current study is not

fully suitable to address this question in that the skin

temperature is gradually increased instead of abruptly;

hence, the response latency may not be accurate enough

to disclose the activation sequence. Further investigation

will be necessary to answer this question.

In summary, our results begin to reveal the distributed

activity patterns evoked by noxious heat stimulation within

SI, VP, ACC, and MD. Brain areas belonging to the medial

pain system revealed bilateral, earlier, and more moderate

responses, in accordance with the coding of affective

responses to pain. On the other hand, areas of the lateral

pain system displayed more contralateral, longer latency,

and transient responses, suggesting a role in the coding of

sensory-discriminative aspect of pain.
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