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The pain systems : 
The neural circuits that are responsible for pain and  

the reactions to pain, can be termed the pain system.  
 

1. peripheral neurons with a set of peripheral receptive elements, 
the nociceptors. 

2. numerous central neuronal relay pathways  

3. sets of integrative neurons that impose excitatory or inhibitory 
influences on nociceptive information at numerous levels of the 
neuraxis 

4. percetion 





 Nociceptors transmit information to  

second-order neurons located in the spinal cord or brainstem level 
innervated 

 the lumbar spinal cord for leg input 

 the thoracic spinal cord for stomach lining input 

the trigeminal spinal nucleus for face input 

 cervical spinal cord to hands 



Nociceptive signals are then transmitted by projection neurons of 
the pain system to integration sites in the brainstem. 

 

  

A primary integration site for sensory information is the thalamus, but 

numerous other brainstem and higher brain structures are participants 
in the integrative neuronal circuits responding to pain. 

 





Including : 

protective somatic and autonomic reflexes, 

 endocrine actions,  

emotional responses, LIMBIC SYSTEM! 

 learning  

 memory about the event,  

cortical awareness of pain. RETICULAR SYSTEM! 

Coordinated pain reactions  



the Brain negative or positive feedback : 
 
 reduces or accentuates pain and pain reactions. 
 Negative feedback to the spinal cord circuitry is mediated by 
descending pathways that are often called the:  

“endogenous analgesia system.” 
 
 
 

 The mechanism and pathways responsible for accentuation of pain 
and pain reactions, 
 referred to as central sensitization or facilitation. 



 مواد مترشحه در اسیب بافتی
• Hydrogen ion 
• ATP 
• Serotonon 
• Substace p 

 

• Substance p 
• CGRP (calcitronine gen related peptide 
• Cytokine  
• chemokine 

 تسهیل  ترانس داکشن و کاهش استانه پتانسیل عمل













Increased responsiveness at all levels of the pain system, including : 
1. the peripheral nociceptors,  
2. spinal cord,  
3. brainstem,  
4. higher centers.  
The net effect of the positive and negative alterations in circuitry leads 
to the perceptual experience of “pain.” 



SPINAL CORD TERMINATIONS 
 







GABAergic 
GABA interneurons are uniquely qualified to provide  

the “presynaptic” inhibition of nociceptive input 

 

Other inhibitory neurons in the dorsal horn contain dynorphin and glycine. 

  

Interestingly, neurons in lamina II, the substantia gelatinosa, do not respond to release of SP since 

they lack neurokinin 1 (NK1 or SP) receptors.83 

 SP terminal endings are located on nociceptive projection cells in both lamina I and the deep 

dorsal horn, including lamina I cells with NK1 receptors that rapidly internalize the receptors on 

nociceptive stimulation. 



In the case of intense or prolonged nociceptive stimulation, the same anatomic arrangement of 

the dorsal horn circuitry providing “presynaptic inhibition” by GABA interneurons can override the 

inhibition and result in sensitization. 

 

Prolonged membrane hyperpolarization evokes a secondary role of GABAB receptors that changes 

their role from inhibition to excitation by altering the membrane conductance of central primary 

afferent terminals.  

 

This results in diminished presynaptic inhibition and depolarization of the afferent nerve terminal 

endings themselves, which generates an action potential that travels back out the afferent nerve 

toward the periphery 
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