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Introduction
        The anterior cingulate cortex (ACC) is known to be involved in processing of nociceptive information. However, the transmission pathway between ACC and peripheral noxious stimulation is still unclear. In the present study, electro- physiological properties of neurons in the ACC were investigated when peripheral noxious stimulations were applied. 
Materials and Methods
Preparation of Animals
14 male Sprague Dawley rats (body weight 250-350 g) were initially anesthetized with 4% halothane (in 100% O2). After tracheal catheterization, the animals were maintained in 0.5-1% halothane and paralyzed with 10% gallamine triethiodide     and then artificially ventilated. Craniotomy was performed for electrophysiological recording 

Peripheral Noxious Stimuli  

     High intensity electrical current was delivered to the sciatic nerve as electrical stimuli. Noxious pinches at the hindpaw and tail were applied as mechanical stimuli. Both electrical and mechanical stimuli were applied ipsilaterally and contralaterally.

Recording of Evoked Field Potentials and Unit Activities of ACC
        Glass micropipette filled with 3N NaCl was used to record the evoked field potentials and unit activities in the ACC and somatosensory cortex. The impendence of micropipette varies from 1 to 7 Mohm. 
Data Analysis

      The characteristics of neuron responses were indicated by unit activity and field potentials. A post-stimulus histogram in unit recording was the summation of spikes in a 2 minute recording time according to the time after stimulation. A field potential was a average waveform in a 2 minutes recording time. Interspike intervals were the distributions of different time intervals of spikes. All analysis were done by Spike2 4® Cambridge Electronic Design.  
Result
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	Number
	%

	Hight Intensity Electrical Stimulation
	Excititory
	Unilateral
	31
	62

	
	
	Bilateral
	13
	26

	
	Inhibitory
	　
	6
	12

	
	Total
	　
	50
	100

	Noxious Mechanical Stimulation
	Excititory
	Unilateral
	6
	67

	
	
	Bilateral
	1
	11

	
	Inhibitory
	　
	2
	22

	
	Total
	　
	9
	100


Table 1. The number and percentage of different types of unit. 108 units were recorded  in 14 rats. The active units were sorted by types of stimulation, and types of response.
	Activity Units
	Latency(ms)

	Response evoked by contralateral stimulation
	209.75±26.62

	Response evoked by ipsilateral stimulation
	221.76±35.02

	Inhibitory response
	145.00±16.07

	Total
	206.83±19.42


Table 2. The mean latencies of various of responses. In the post-stimulus histograms of units responded to electrical stimulation, the spikes were clustered. In each unit the most concentrated cluster was regarded as response.
	　
	Latency(ms)
	Amplitude(mV)

	Response evoked by contralateral stimulation
	30.47±2.56
	-0.0479±0.0051

	Response evoked by ipsilateral stimulation
	34.63±3.76
	-0.0471±0.0046

	Inhibitory response
	25.55±3.54
	-0.0725±0.0277

	Total
	31.16±2.00
	-0.0480±0.0041


Table 3. The latencies and amplitudes of negative components of field potentials. There were negative components in the field potential after electrical stimulation,which present the relationship between ACC units and peripheral stimuli. 


















Fig.5. Effect of halothane on units in ACC. The left is post-stimulation histogram, and the right is the distribution of interspike interval (ISI). Higher concentration of halothane reduced the basal activity of neurons in ACC as well as evoked responses to noxious stimulation. Also, higher halothane concentration reduced the spikes with longer intervals. 







Conclusion
     Present results demonstrated that there are nociceptive neurons in the ACC. The properties of the late of long lasting and bilateral evoked responses indicated that the ACC neurons may play a role in the affective aspect of nociceptive information processing. 
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Fig1.b. Typical responses evoked by electrical stimuli in the somato-sensory cortex. Comparing with the response in ACC, the response in somatosensory cortex was more earlier evoked at the time of 25ms after stimuli. The responses in both post-stimulation histogram and field potential were evoked at the same time. Represent that the unit is responded to stimuli. 





Fig.1.a. Typical responses evoked by electrical stimuli in the ACC.          The upper graph is a post-stimulation histogram,and the arrow head indicate a cluster of spikes as response, 200ms after stimuli, in this unit. The lower is a average of field potential recorded from the same unit. A negative component, 18ms after stimuli, is indicated by another arrow head. The dotted line represent the time when stimuli were applied.





Fig1.b. Typical responses evoked by electrical stimuli in the somato-sensory cortex. Comparing with the response in ACC, the response in somatosensory cortex was more earlier evoked at the time of 25ms after stimuli. The responses in both post-stimulation histogram and field potential were evoked at the same time. Represent that the unit is responded to stimuli. 
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Fig.2. Noxious mechanical stimuli were applied to different part of rats, The black bars indicate the time when stimuli were appiled. The units in ACC had excitory response to left hindpaw pinch, but had inhibitory response to tail and right hindpaw pinches.





Fig.3. The morphological distribution of active units in the ACC.  The open circle represents a unit with unilateral excititory response, a solid circle represents a unit with bilateral excititory response, and unit with inhibitory response is shown as open square. (a) The units responded to electrical stimuli (n=50) (b) The units responded to mechanical stimuli (n=9).  
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Fig.6. Effect of morphine. The Intravenous injection of morphine (5mg/kg) reduced the evoked response in the first 100ms, as indicated by the arrow head. This effect was reversed 20 minutes after the naloxone injection(2mg/kg, i.v.). 
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Fig.4. Responses in the ACC to graded electrical stimuli. From top to bottom, the magnitude of stimuli is 2.5 times, 5 times, 7.5 times, 10 times to the threshold of the unit in somato-sensory cortex. An obvious response could be seen in the response to 10 times stimuli. The dotted line indicate the time when stimuli were applied. The arrow heads point to the responses in the post-stimulation histograms.








