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An Invited Review 

The Neurobiology of Nociceptive and Anti-nociceptive Systems

Pain exists as both a sensory event 
of the peripheral and central nervous sys-
tems and as a profound phenomenolog-
ical experience that affects the processes 
of consciousness and therefore, expres-
sion and definition of the “self” of those 
individuals in pain. Traumatically acute 
and prolonged durable pain can produce 
functional changes in peripheral and cen-
tral nociceptive neurons that may lead to 
sensitization, structural modification, and 
long-term potentiation. We have gone be-
yond simply examining the anatomy and 
chemistry of pain, and have begun to fo-
cus on the relationships between molecu-
lar changes and the effects these incur as 
we ascend the neurological axis to con-
front the brain-mind interface. The ef-
fects of durable pain change the adaptive, 
non-linearity of the sensory and cognitive 
neural systems to a progressively linear, 
pathologic state that becomes increasing-
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ly dysfunctional and evokes an expanded 
constellation of clinical manifestations. 
This review provides an overview of noci-
ceptive and anti-nociceptive systems that 
afford insight to substrates that are rele-
vant to clinical intervention(s).  

NOCICEPTIVE SYSTEMS

Transduction of Noxious Stimuli
In cutaneous, muscle and viscer-

al tissues, transduction of high thresh-
old (noxious) chemical, mechanical and/
or thermal stimuli to electrophysiologi-
cal activity occurs at specialized free nerve 
endings of nocisponsive primary affer-
ents. The transductive mechanism in-
volves activation of cationic channels on 
free nerve endings directly by biophysical 
properties of the high threshold noxious 
stimuli and indirectly by chemical chang-
es in the local micro and macro environ-
ment produced by such stimuli, and trau-
ma. Thermal nociceptive transduction is 
mediated by vanilloid-type receptor-cat-
ionic channel(s). The vanilloid recep-
tor-1 (TRPV1) responds to noxious heat 
(>45oC) and is capsaicin-sensitive. A sec-
ond type, the vanilloid receptor-like pro-
tein-1 (TRPV2) is capsaicin-insensitive 
and has a higher thermal threshold of ap-
proximately 52oC .The cold- and men-
thol- receptor-1 (CMR-1/T8) responds 
to noxious cold (8o-25oC) and menthol. 
Both hot-and cold-responsive channels 
react to thermal change by increasing 

mono- or divalent cationic flux, leading 
to membrane depolarization and trans-
duction (1, 2).

High threshold compressive or ten-
sile mechanical input engages a non-spe-
cific cationic channel by distorting col-
lagenous bridging elements between the 
membrane of free nerve endings and the 
surrounding tissue matrix. With mechan-
ical alteration of the receptive field of the 
neural membrane, changes in channel 
configuration produce inward Na+, K+ 
and/or Ca++ currents (3). The nocicep-
tor potential is graded, membrane polar-
ity is intensity- and temporally- depen-
dent. At the Na+ threshold, voltage-gat-
ed Na+ channels are activated, propagat-
ing depolarization along the nociceptor 
membrane. Both Na+ and Ca++ influx lead 
to the release of Ca++ from intracellular 
stores, increasing Ca++ concentrations to 
engage signaling systems mediating short-
term functional changes that may lead to 
leftward shifts in nociceptive threshold. 
Also, long term changes in Ca++-depen-
dent intracellular signaling mechanisms 
alter early and late-phase transcription to 
modify translation, and protein synthesis 
alters neuronal microstructure. Taken to-
gether these changes contribute to sensiti-
zation of peripheral afferents (4).

High threshold input can disrupt 
neural and non-neural membranes to re-
lease fatty acids as well as mono and diva-
lent cations. Liberated free fatty acids are 
catalyzed by phospholipase-A2 to pro-

Pain is both a sensory event of the pe-
ripheral and central nervous systems and an 
experience that arises from, and reciprocal-
ly can affect processes of higher conscious-
ness. Alterations in peripheral and central 
neuraxes can lead to sensitization, structural 
modifi cation and long-term potentiation that 
can overcome modulatory infl uence(s) and 
change the non-linear adaptability of these 
systems to a progressively linear, patholog-

ic state with a diverse constellation of clinical 
signs and symptoms. 

Recent progress in molecular biology, 
neurochemistry and neuroanatomy has led 
to signifi cant advancement in understanding 
the interactive roles of these heterogeneous 
systems in mediating and modulating various 
types of pain. This review concisely provides 
an overview of the structure and function of 
these substrates.  As we reach the midpoint 

in a decade marked by pain control and re-
search, such knowledge is critical to further 
both a more comprehensive appreciation of 
the phenomenon that is pain, and the devel-
opment of therapeutic interventions that are 
innovative and effective.
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duce arachidonic acid; increased concen-
tration of arachidonic acid induces the 
isoenzyme cyclo-oxygenase-2 (COX-2) to 
accelerate prostaglandin formation, with 
“downstream” production of prostaglan-
din synthase-generated prostaglandin-
E2. Prostaglandin-E2 acts at PGE-2 re-
ceptors on nociceptors to increase adenyl 
cyclase, elevating cyclic adenosine mono-
phosphate (cAMP) to engage specific pro-

tein kinases. Both protein kinase A and 
C phosphorylate prostanoid, kinin, and 
amine receptors and ion channels, affect 
their respective sensitivity to ligands and 
ionic concentrations. This can enhance 
the responsivity of affected primary affer-
ents to both noxious stimuli (i.e. hyper-
pathia) and non-noxious stimuli (i.e. allo-
dynia) (5) (Table 1). 

Transmission from the Periphery to the 
Spinal Cord

Upon transduction of the high 
threshold stimuli, the nociceptive signal 
is transmitted by primary nociceptive af-
ferents via Na+- dependent depolarization 
mediated by several isoforms of Na+ chan-
nels, most notably the nociceptor-specif-
ic Na

v
1.8 and Na

v
1.9 channels. Under 

normal conditions the majority of these 
channels are of the tetrodotoxin (TTX)-
sensitive type, however, neural insult, in-
flammation, and exposure to algogenic 
substances cause increased expression of 
a TTX-resistant (TTX-R) isoform, which 
may subserve lowered threshold Na+ con-
ductance (6). 

It is now well known that multiple 
small-fiber afferents can transmit noci-
ception, based upon their expression of 
transductive receptors and TTX-R type 
Na+ channels. However, A-delta and C-
fibers are still regarded as the principle 
primary afferents that distinctly subtend 
noxious input (high threshold mechani-
cal, thermal, polymodal) and their differ-
ential activity contributes to the respective 
sensory qualities of fast and slow pain.

A-Delta Fibers
Type I and II A-delta fibers are small 

(1-5 um in diameter) myelinated, rapid-
ly conducting (5-30 m/sec) neurons. The 
conduction rate is correlated to the initial 
sensation of pain, “first pain,” as sharp, lo-
calized and subjectively punctuate. A-del-
ta fibers have small receptive fields and 
specific high threshold ion channels that 
are activated by high intensity thermal or 
mechanical input. Type II A-delta ther-
mosponsive fibers are sensitive to capsa-
icin and respond to noxious heat of 40-
45° C. Response increases with tempera-
ture elevation, with asymptotic response 
at 53° C. A second population, Type I fi-
bers, are responsive to higher tempera-
tures (52-56o C) and are capsaicin-insen-
sitive. The responses of these heat-sen-
sitive A-delta fibers subserve the rapid, 
painful reaction to first exposure of nox-
ious heat and the ability to discriminate 
thermal (nociceptive) sensation according 
to intensity. A-delta cold afferents maxi-
mally respond to temperatures of approx-
imately 8° C and show progressive activity 
to temperatures less than 25o C (7).

Mechanosponsive A-delta fibers re-
spond to high threshold mechanical stim-
ulation such as deep pressure, pinch, and 
stretch. These fibers may also be sensi-

H+ ion
                      TRPV1/ VR1 receptor channel

Na+, Ca++ infl ux

Protons
Acid- sensitive ion channel (ASIC)

Na+ infl ux

Noxious Heat > 45° C (and capsaicin)
TRPV1/VR1

Noxious Heat > 53° C (capsaicin insensitive)
TRPV2

Na+, Ca++ infl ux

Noxious Cold 8°- 25°C (and menthol)
CMR1/ trpM8

Na+, K+, Ca++ infl ux

Mechanical Distortion
Non-selective cation channel

Na+, K+, Ca++ infl ux

BDNF
Trk-B receptor

MAPK activation- transcription effects

Prostaglandin- E2
Prostanoid receptor

Metabotropic activation of protein kinase

Serotonin (5-HT)
5-HT

3
 receptor

Na+ infl ux
NK-1 receptor sensitization
NO production

Adenosine 
A2 purinoreceptor

Sensitization of Na+ channels

ATP
PTX

3
 receptor

Sensitization of Na+ channels

Glutamate
AMPA receptor
NMDA receptor (GluR)
mGlu receptor

Na+ infl ux
Ca++ infl ux
Phospholipase-C -induced rise in 
   intracellular Ca++ Protein kinase-C 
   phosphorylation/ sensitization of trk-B

Bradykinin
Bradykinin B2 receptor

Cationic infl ux

Table 1. Algogenic stimuli and substrate(s) mediating transduction
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the concentration of free adenosine which 
activates A

2
 receptor-linked G-protein-

modulation of Na+ channel threshold(s). 
Such sensitization appears to subserve the 
diffuse pain that occurs during passive 
and active articulation of skeletal muscle 
that has been over-exerted or subjected to 
mechanical or ischemic insult (11, 12). 

There is considerable C-fiber in-
nervation of the viscera, although poly-
modal A-delta fibers are significantly 
abundant in the testes, structures sur-
rounding the heart, and a small unmy-
elinated C-like fiber has been described 
in the lung parenchyma (13). The noci-
ceptive afferent innervation of visceral 
structures is more sparse than in cuta-
neous or muscular tissues; there is also 
considerable diffusion of visceral affer-
ent input within the spinal dorsal horn. 
Sensitization by chemical mediators of 
the inflammatory cascade or sympa-
thetic outflow is required for the sus-
tained firing of the visceral nociceptive 
afferents necessary to activate second 
order spinal afferents and transmit the 
nociceptive signal. The initial sensation 
and perception of visceral pain is some-
what vague; intensity and localization 
increase as a function of increased dis-
charge frequency of primary afferents 
and summated transmission at second-
order spinal neurons. Visceral nocicep-
tive afferents are anatomically co-local-
ized with somatocutaneous afferents in 
the entry zone of the dorsal root ganglia 
and within afferent synaptic fields of the 
dorsal horn. Increased transmission of 
visceral neurons at the dorsal root and 
horn zones where their input overlaps 
with somatocutaneous afferents causes 
signal convergence at second-order neu-
rons and may subserve the somatic re-
ferral pattern that frequently accompa-
nies visceral pain (14). 

Also, there is often co-localization 
of visceral nociceptive and sympathetic 
(efferent) neurons. Stimulation of sym-
pathetic fi bers by ephaptic transmission 
from adjacent nociceptive afferents or 
by direct co-stimulation of sympathet-
ic nerves following peripheral insult can 
increase synthesis and membrane expres-
sion of high-affi nity adrenergic receptors, 
enhancing peripheral adrenergic sensi-
tivity, sympathetically-maintained pain 
and peripheral autonomic dysregulation. 
Noxious stimulation of visceral struc-
tures can thus excite sympathetic neu-
rons to induce efferent sympathetic out-

tized by, and subsequently co-responsive 
to (intense) heat. Sensitization of these 
mechanoreceptive A-delta fibers to ther-
mal stimulation may subserve patterns 
of hyperalgesia following heat or burn in-
jury (8). 

C- and C-like Fibers
C-fibers constitute the majority of 

cutaneous nociceptive innervation and 
are small (0.25-1.5 um diameter), un-
myelinated afferents with slower conduc-
tance (0.5-2 m/sec) and larger receptive 
fields than A-delta fibers. These charac-
teristics contribute to “second pain,” the 
poorly-localized burning, gnawing sen-
sation that is qualitatively distinct from 
“first” or fast pain. C-fibers are polymod-
al, activated by mechanical, thermal and/
or chemical stimuli. The chemical sub-
stances that stimulate C-fibers are prod-
ucts of cell disruption, the inflammato-
ry cascade and immunological mediators 
(9); free H+ sensitizes the TRVP1 vanilloid 
receptor on C-fiber endings to evoke Na+ 
and Ca++ influx. Protons act at acid-sen-
sitive ion channels to induce inward Na+ 

current. ATP and ATP-derived adenosine 
acts at PTX

3 
and A

2
 purinoreceptors, re-

spectively to sensitize Na+ channels, in-
crease Na+ conductance and evoke de-
polarization. Such chemical stimulation 
may occur following thermal or mechan-
ical insult and produces a sensitizing left-
ward shift in C-fiber response threshold. 
These sensitized C-fibers can be activated 
by non-noxious, low intensity stimulation 
that accounts, in part, for the second pain 
and/or hyperalgesia as a consequence of 
inflammation (10). 

C-fibers, and some A-delta fibers also 
innervate the intrafibril matrix and areas 
proximal to the vascular walls of muscle 
tissue, as well as musculo-tendonous in-
sertion zones and tendons. Polymodal C-
afferents respond to both direct mechani-
cal distortion  excessive stretch, torsion or 
hyper-compression − and to substances 
resulting from prolonged anaerobic me-
tabolism and ischemia. Muscular C-fi-
bers are activated by H+ ions of the acid-
ic post-metabolic environment and by in-
flammatory mediators following exercise 
induced micro- or macro-trauma, micro-
edema and heat. The stretch reflex does 
not normally activate intramuscular C-fi-
bers, however, under ischemic conditions 
C-fibers may be sensitized to respond to 
myofibril contraction and stretch within 
the physiologic range. Ischemia increases 

fl ow, producing altered autonomic tone 
and sympathetically mediated hyperalge-
sia. Sympathetic alterations are also ob-
served in certain cutaneous and muscular 
pain syndromes (15) and are contributo-
ry to the vaso- and sudomotor character-
istics of complex regional pain syndromes 
(CRPS) (Table 2). 

The Neurochemical Basis of Pain 
Transmission in the Dorsal Horn

The majority of nociceptive prima-
ry afferent fibers project to the superfi-
cial dorsal horn, although a small num-
ber project to the ventral spinal cord. In 
the dorsal horn, A-delta and C-fibers syn-
apse upon second order spinal neurons 
in laminae I, II, IIa, and V, from which 
originate the ascending nociceptive path-
ways. A-delta fibers terminate in laminae 
I, II and IIa; C-fibers terminate laminae 
II, IIa and V. 

Glutamate is the principal excitato-
ry transmitter at the synapse between pri-
mary afferent nociceptors and dorsal horn 
cells. Glutamate initially binds to the al-
pha-amino-3-hydroxy-5-methyl-isoxa-
zole-4 propionic acid (AMPA) receptor. 
Glutamate-activation of the AMPA recep-
tor induces a ligand-gated Na+ current to 
produce rapid depolarization. Sustained 
Na+ flux activates the N-methyl-D-as-
partate (NMDA) receptor, by voltage-de-
pendent displacement of Mg+ from the 
NMDA receptor, releasing it from an in-
accessible configuration to an active site 
with subsequent high affinity for gluta-
mate.

The AMPA receptor is a heteromer-
ic composite of multiple potential gluta-
mate binding sites (GluR) that regulate a 
fast-on, slow-off, Ca++ ionophore. Addi-
tionally, one or more of the eight metabo-
tropic, G-protein-coupled glutamate re-
ceptors (mGluR) exist in nociceptive neu-
rons. Activation of the mGluR induces a 
specific phospholipase-C to engage inosi-
tol triphosphate (IP3)-mediated release of 
Ca++ from intracellular stores. Increased 
intracellular Ca++ activates Ca++-sensitive 
protein kinase-C (PKC) to phosphorylate 
inactive and sub-membrane fractions of 
AMPA, NMDA, GluR and mGlu recep-
tors, altering the sensitivity of these recep-
tors and affecting their shuttling to active 
zones on the neural membrane. Metabo-
tropic mGluRs can also engage diacyl-
glycerol (DAG) to produce PKC-medi-
ated phosphorylation of the tyrosine ki-
nase-B (trkB) receptor for brain-derived 
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neurotrophic factor (BDNF). BDNF is 
produced and released by primary noci-
ceptive afferent; it acts at post-synaptic 
trkB-receptors to initiate mitogen-acti-
vated protein kinase (MAPK), affects gene 
transcription and induces translational 
change and altered expression of synaptic 
membrane- and receptor-associated pro-
teins (16, 17). 

These mechanisms of receptor dy-
namics may alter the synaptic “state” and 
subserve acute and intermediate sensitiza-
tion of second-order afferents. Prolonged 
activation of newly synthesized glutamate 
receptors can affect genomic elements to 
produce durable change in the neuro-
nal microstructure leading to plasticity 
and long-term potentiation (LTP) of no-
ciceptive circuits and long-term depres-
sion (LTD) of pain modulating circuit-
ry (Fig. 1).

High intensity or prolonged C-fiber 
activity causes the release of the tachyki-
nin, substance-P (subs-P). Post-synapti-
cally, subs-P initially binds to neuroki-
nin-2 (NK-2) receptors, and subsequent-
ly to high affinity NK-1 receptors that are 
sensitive to lower subs-P concentrations. 
Subs-P acts at NK-1 receptors to induce a 
G-protein-meditated depolarization and 
DAG-dependent activation of protein ki-

nase (PK)-A and PK-C to phosphory-
late NMDA and mGlu receptors and el-
evate intracellular Ca++. Calcium-depen-
dent phosphorylation of nuclear tran-
scription factors engages the proto-on-
cogenes c-fos, c-jun and Krox-24 to pro-
duce translational and post-translation-
al protein products that further alter the 
function and synaptic microstructure of 
cells receiving and transmitting nocicep-
tive input (18, 19).

Sensitized C-fiber afferents retro-
gradely release subs-P, acting at NK-1 re-
ceptors on mast cells to induce de-granu-
lation of the pro-inflammatory chemicals 
histamine and serotonin (5-HT). C-af-
ferents also release calcitonin gene relat-
ed peptide (CGRP); CGRP activates the 
induced isoenzyme nitric oxide synthase 
(iNOS) to enhance production of nitric 
oxide (NO) and increase peripheral va-
sodilation (10). The effects of histamine, 
5-HT, subs-P, and CGRP are synergistic. 
In peripheral tissue(s), free 5-HT acts at 
5-HT3 receptors on C-fiber terminals to 
directly induce a fast Na+-dependent de-
polarization, sensitizes NK-1 receptors to 
subs-P, and evokes co-release of CGRP to 
increase iNO production, thereby perpet-
uating the cycle of C-fiber-mediated neu-
rogenic inflammation and pain (20, 21). 

Dorsal Horn Afferents
In the dorsal horn, A-delta and C-

fibers synapse upon WDR and NS neu-
rons that spatially and temporally trans-
form afferent input(s). While a small per-
centage of the axons from these neurons 
ascend ipsilaterally within the cord, most 
project contralaterally to form the spino-
thalamic tract(s) (STT) and ascend in the 
anterolateral quadrant.

WDR neurons are found in pro-
gressively increasing numbers from lam-
inae I, II, V to VI. These neurons receive 
input both from low threshold A-alpha 
and A-beta non-nociceptive afferents as 
well as A-delta and C-fibers, with the ma-
jority of nociceptive fiber input in lamina 
V. The WDR units of laminae I and II are 
responsive to non-noxious thermal and 
gentle mechanical input. WDR cells of 
lamina V have large receptive fields with 
limited, discrete areas excited by non-nox-
ious input and broad zones that are highly 
responsive to high threshold stimulation. 
These receptive field properties function 
in stimulus intensity discrimination with 
different stimulus intensities activating 
distinct receptive field zones in popula-
tions of WDR neurons. The slight phase 
difference in temporal activation produc-
es differing responses in these groups of 
WDR cells. As greater numbers of WDR 
neurons become stimulated there is an in-
crease in both the spatial and temporal 
summation of their responses, resulting 
in amplification of the pain signal (22).

Nociceptive specific (NS) neurons 
are concentrated in laminae I and II, with 
fewer in lamina V. NS neurons are driv-
en by A-delta and C-fiber input, and have 
small, center-surround receptive fields 
in which the central region is excited by 
high intensity stimuli, while the outer re-
gion appears to be inhibited by non-nox-
ious input. These receptive field prop-
erties render the NS cell maximally re-
sponsive to punctate, high threshold in-
puts and subserve its function in localiza-
tion and discrimination of noxious stim-
uli (22, 23).

Both WDR and NS fiber activity con-
tribute to the unique spatial and temporal 
qualities of pain. NS neurons can remain 
sensitized following repetitive noxious in-
put and WDR neurons exhibit prolonged 
after-responses (e.g., “wind-up”) generated 
from the extent and frequency of primary 
nociceptive afferent input, thus intensify-
ing and continuing nociceptive transmis-
sion and sensation(s) (23) (Table 3).

TYPE A-DELTA C-FIBER

ANATOMY

Free endings
Myelinated

1-5 µm fi ber diameter 
Punctate fi elds

Free endings
Un-myelinated

0.5-1.5 µm fi ber diameter 
Diffuse receptive fi elds

STIMULUS

High threshold
Mechanical

Thermal
(>45°, >53° C)

(<25°C)

High threshold
Mechanical

Thermal
Chemical 

Polymodal

PHYSIOLOGIC 
PROPERTIES

Fast
10-30 m/sec conduction

First pain
Well localized

Slow
0.5- 2 m/sec conduction

Second pain
Poorly localized

Sensitized. Cross-Sensitized

NEURO CHEMISTRY

Glutamate
Subs- P
CGRP

VIP

•  Post-synaptic activation of 
AMPA receptors

•  Short-term NK-1 receptor 
activation

Glutamate
Subs- P
CGRP

•  Post- synaptic activation of NMDA 
receptors

•  Potentiated NK- 1 receptor 
activation

•  May induce neural plasticity 

Table 2. Neurochemical and physiologic properties of  primary nociceptive 

afferents
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Spinothalamic Tracts
While a minority of WDR and NS 

neurons remain ipsilateral and ascend in 
the ventrolateral quadrant, most project 

those of laminae IIa and V, providing a de-
gree of anatomic and functional segrega-
tion of the fibers that form the neo-spino-
thalamic tract (NSTT) and paleo-spino-

contralaterally to form the STT and as-
cend in the anterolateral column. Axo-
ns from neurons in laminae I and II are 
somewhat anatomically separate from 

CGRP: calcitonin gene related peptide
COX-2: cyclo-oxygenase-2
PLA-2: phospholipase-A2
5-HT: Serotonin

Fig. 1. Mechanisms of  neurogenic infl ammation. Noxious stimuli (e.g., heat, high intensity mechanical input 

and/or chemical irritants) can act directly at cationic channels on free nerve endings and can disrupt membrane 

phospholipids to evoke PLA
2
–induced formation of  prostaglandin-E2, derived from COX-2 catalysis of  arachidonic 

acid. As well, specifi c cationic-linked transductive receptors are sensitive to H+ ion and protons. These substances act 

at specifi c receptors to depolarize C-fi bers, to cause ortho- and retro-grade release of  substance-P and CGRP. Retro-

gradely released subs-P (and perhaps CGRP) act as vasodilators and increase extravasation of  blood-borne 5-HT, 

bradykinin and cytokines to further stimulate and sensitize C-fi bers.
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thalamic tract (PSTT), respectively. The 
NSTT and PSTT are both relatively spe-
cific for pain transmission, yet there are 
distinctions in the type of nociceptive in-
formation conveyed along these pathways. 
The NSTT is composed of NS fibers from 
laminae I that project to the parabrachial 
nucleus and fibers from laminae I and II 
that terminate in the ventroposterior lat-
eral (VPL) nucleus of the thalamus. The 
parabrachial projection subserves arousal 
and autonomic responses to pain via sec-
ondary connections to hypothalamic and 
amygdalar neuraxes, while VPL thalamic 
projections subtend transmission of stim-
ulus modality and localization, although 
this is in no way exclusive to other stimu-
lus parameters (24).

The PSTT is predominantly com-
prised of axons of WDR neurons from 
laminae IIa and V, with only a small-
er number of constituent NS fibers. The 
heterogeneous response characteristics 
of WDR cells to noxious and non-nox-
ious input contributes to the transmission 
of some non-nociceptive signals by the 
PSTT. WDR neurons progressively sum-
mate after-responses to nociceptive input 
that supersede weaker volleys driven by 
non-nociceptive afferent activity. These 
properties contribute to stimulus inten-
sity discrimination and to the character-
istic “mixed” sensations that frequently 
accompany “second” and persistent pain 
such as ache, itch, tingling, etc. (25).

The PSTT projects to the parabra-
chial nucleus and to structures of the 
rostroventral medulla, caudal pons and 
midbrain that subserve bulbospinal pain 
modulation and centrifugal analgesia. 

Spinoreticular pathways project to the 
serotonergic raphe nuclei and noradren-
ergic magnocellular nuclei of the rostro-
ventral medulla and caudal pons, respec-
tively. Spinotectal pathways project to the 
periaqueductal and periventricular gray 
(PAG/PVG) regions of the midbrain. As-
cending projections from these sites link 
spinal and cortico-limbic neuraxes to me-
diate perceptual, cognitive and emotion-
al aspects of pain. Thalamic targets of the 
PSTT are more diffuse, with projections 
to the centro-median parafascicular com-
plex, intralaminar, laterodorsal and me-
diodorsal nuclei (25, 26).

Brainstem Systems
Specific cells of the brainstem (i.e., 

“on,” “off” and “neutral” cells) are differ-
entially responsive to PSTT input driven 
by noxious stimulation. “On” cells are ex-
cited by nociceptive input from the PSTT 
and engage parabrachial, hypothalamic, 
cingulate, insular and septo-hippocampal 
pathways, subserving arousal and aversive 
reactions to pain. Some 5-HT neurons of 
the raphe nucleus may be “on” cells that 
function in descending bulbospinal anal-
gesia, and may participate in nociceptive 
facilitation that occurs in chronic inflam-
mation and neuropathic pain states. “Off” 
cells hyperpolarize in response to PSTT 
activation and reduce the transmission of 
nociceptive volleys at the brainstem. The 
summative actions of these cells are de-
pendent upon the duration, intensity, and 
type of noxious input contributing to in-
hibitory or facilitatory patterns of pain 
modulation (27).

PSTT projections to distinct nu-

clei of the brainstem possibly subserve 
some stimulus-specific involvement of 
descending serotonin (5-HT) and nor-
epinephrine (NE) systems. Thermal and 
chemical/inflammatory pain appears to 
engage raphe-spinal 5-HT circuitry, while 
mechanical input produces greater acti-
vation of magnocellular-spinal NE neur-
axes. It is not clear whether these distinc-
tions are truly stimulus-specific or reflect 
different bulbospinal responses to stimu-
lus intensity, duration, or both (28). While 
it is well known that these systems func-
tion in pain inhibition (vide infra), recent 
evidence supports the involvement of the 
raphe-spinal 5-HT system in pain facili-
tation (29). 

Serotonin acts through heteroge-
neous 5-HT1, 5-HT2 and 5-HT3 found 
post-synaptically on primary and sec-
ond-order afferents, and interneurons in 
superficial and deep layers of the dorsal 
horn. The action of 5-HT at post-synap-
tic 5-HT1 and/or 5-HT2 receptors direct-
ly inhibits primary and/or second-order 
cells to produce analgesia. Raphe-spinal 
5-HT can also indirectly modulate pain 
by acting at excitatory 5-HT3 receptors 
on inhibitory interneurons to evoke the 
release of inhibitory neurotransmitters 
such as GABA, glycine, enkephalin, and 
dynorphin. Under normal conditions and 
perhaps during acute pain, there is limited 
expression of 5-HT3 receptors and a rela-
tive “tone” of excitation and inhibition is 
maintained within the pool of spinal no-
ciceptive neurons. However, more durable, 
intense pain, as well as peripheral inflam-
mation and neural insult, appear to evoke 
up-regulation of 5-HT3 sites on both in-
terneurons and small-diameter, nocicep-
tive afferents of the superficial lamina. In 
the former case, this may represent 5-HT3 
receptor sensitization to progressively ris-
ing concentration of 5-HT released from 
the terminals of descending raphe-spinal 
neurons in response to direct PSTT stim-
ulation (30). 

Expression of 5-HT3 receptors on 
lamina I nociceptive cells appears to in-
volve an NK-1-receptor-dependent mech-
anism in which subs-P activation of NK-
1 receptors initiates transcription, transla-
tion and/or commitment of a sub-mem-
brane fraction of 5-HT3 receptors that 
then mediate an excitatory response to ra-
phe-spinal 5-HT. Hyper-excitation of in-
terneurons results in depletive turnover of 
inhibitory neurotransmitters; 5-HT3 re-
ceptor-mediated excitation of nociceptive 

Nociceptive Specifi c (NS) Neurons

• Primarily localized in laminae I, II
• Receive A-delta and C-fi ber input
• Specifi c for high threshold input activation
• Punctate receptive fi elds
• Spatially and temporally summate inputs

Wide Dynamic Range (WDR) Neurons

• Greater numbers in deeper laminae (V, VI)
• Receive both nociceptor and non-nociceptor inputs
• Both A-delta and C-fi ber nociceptor afferent input
• Broad receptive fi elds to poly-synaptic input
• Spatially and temporally summate
• Capable of after-discharges (wind-up)

Table 3. Anatomic and physiologic properties of  second order afferents
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cells of the cord “reverse” the characteris-
tic inhibitory effect of the raphe-spinal 5-
HT system. Taken together, these actions 
lead to nociceptive facilitation and sensa-
tions of pain in excess of the level of or-
ganic insult that is often observed in in-
flammatory, neuropathic or chronic pain 
states (29).

The Midbrain
The PSTT projects to and activates 

the PAG directly via interneurons from 
the brainstem. The PAG is somatotopi-
cally organized such that the posterior 
PAG receives PSTT fibers of the caudal 
cord, while PSTT fibers from the rostral 
cord project to the anterior PAG. In addi-
tion to being a primary site of centrifugal 
pain control, the PAG also subserves affer-
ent processing of the pain signal; projec-
tions from the PAG to the hypothalamus 
and structures of the forebrain such as the 
septal nuclei and amygdala, elicit arousal 
and behavioral activation that have aver-
sive affective content and expression (31). 
These responses function in pain condi-
tioning by activating cognitive circuitry 
of the mammillo-thalamic tract, anteri-
or thalamic nucleus, cingulatum, and re-
gions of the hippocampus to act in syn-
ergy with the reticular system, cingu-
late gyrus, insula and orbito- and fron-
tal cortices. 

The Thalamus
NSTT neurons project to the caudal 

ventroposterior lateral nucleus (VPLc) 
and are arranged in somatotopic col-
umns. Thalamic neurons within these col-
umns retain many of the response charac-
teristics of WDR and NS cells, and sum-
mate responses as a function of stimulus 
frequency and intensity. Spatial and tem-
poral summation prolong thalamic cell 
firing in excess of the provocative noxious 
stimulus and the volley time of afferent 
discharges. Such serial processing of noci-
ceptive input may contribute to the qual-
itative and quantitative characteristics of 
pain sensation (32).

The PSTT projects to the intralam-
inar, dorsal centralis lateralis and medio-
dorsal nuclei, and the majority of these 
thalamic neurons are responsive to input 
from both nociceptive and non-nocicep-
tive cutaneous and visceral afferents. The 
somatotopic organization of intralaminar 
neurons is more diffuse, and these cells 
project to the S-II somatosensory associa-
tive cortex, anterior and posterior cingu-

late gyrus and amygdala, to synergistical-
ly mediate aversive and avoidant respons-
es to pain (Fig. 2) (33). 

Thalamo-Cortical Projections and the 
Afferent Role of the Cortex 

Thalamo-cortical fibers from the 
VPLc primarily project to the S-I senso-
ry cortex, with a lesser projection to S-
II. Fibers from the intralaminar, lateral, 
and medial dorsal nuclei activated by the 
PSTT project bilaterally to S-II, although 
a small number project to S-I. Thalamic 
somatotopic organization is retained in S-
I, and (albeit somewhat less) in S-II, with 
cortical regions arranged in vertical dom-
inance columns. Only a small percentage 
of each column is nociceptive neurons; 
the majority of nociceptive input from the 
thalamus is concentrated in deeper layers 
of the cortical columns, while superficial 
cortical layers receive non-nociceptive 
thalamic input. The distribution of input 
from both non-nociceptive and nocicep-
tive afferents in a given column underlies 
the cortical “assemblage” of neural signals 
to create the subjective sensorium (34). 
The unique qualities of the duration, in-
tensity, and modality of the pain signal re-
flect progressive transformation of hierar-
chical afferent input through the contrib-
utory neuraxis.

Projections from S-II to the anterior 
cingulate (via the insula) and to the pos-
terior cingulate play a role in pain sensa-
tion and pain-related behavioral respons-
es (e.g., arousal, nocifensive reactions). 
Projections from the cingulate to hypo-
thalamic nuclei mediate neuroendocrine 
and autonomic responses to pain and 
may also engage non-opioid, hormon-
ally-mediated analgesia. Efferent projec-
tions from the anterior cingulate to the 
caudate, putamen, and nucleus accum-
bens are involved in the motor respons-
es to pain (35). 

The involvement of dopaminergic 
(DA) pathways from both the ventral teg-
mental area (VTA) and substantia nig-
ra pars compacta (SNpc) have been de-
scribed in cognitive and motoric dimen-
sions of pain. Acting through heteroge-
neous post-synaptic DA receptors, this 
meso-limbic DA loop functions in neg-
ative reinforcement emotional and mo-
tor conditioning effects to aversive stim-
uli, and may subserve certain stereotypic 
behaviors of both acute and chronic pain 
states (36). 

Pathways from the hippocampus, su-

bicular complex, entorhinal cortex and 
posterior cingulum further mediate emo-
tional, memory and expectational do-
mains of pain. The lateral dorsal thalam-
ic nucleus and amygdala, together with ef-
ferents from the lateral prefrontal, infero-, 
medio-temporal and infero-parietal corti-
ces mediate higher order cognitive dimen-
sions such as expectation and associative 
value of pain (37, 38). 

Hierarchic neural processing expands 
nociceptive sense data into consciousness 
of internal state, external circumstance, 
memory and affective factors that have 
both subjective and ontologic meaning to 
the pain sufferer. Thus, the phenomeno-
logic experience of pain may vary wide-
ly for each individual as a result of corti-
co-limbic processing of complex external 
and internal stimuli, association(s) to pri-
or circumstance(s) and even socio-cultur-
al contexts. It is likely that “pain” as an ex-
perience, is both a sensory event reflect-
ing activation of afferent pathways and a 
process of consciousness arising from al-
terations of multiple domains of brain 
state(s) (Fig. 2). 

ANTI-NOCICEPTIVE SYSTEMS

Spinal Pain Modulation
Inhibitory interneurons in laminae 

I and V of the dorsal horn receive col-
laterals from A-delta and C-fibers. These 
interneurons synapse upon primary af-
ferents and second-order WDR and NS 
cells within a horizontal segment of the 
cord, although some interneurons proj-
ect trans-segmentally. The pattern of pri-
mary afferent firing can activate these spi-
nal interneurons to exert recurrent inhi-
bition or suppress firing of post-synaptic 
second-order cells.

These interneurons release GABA, 
glycine, the opioids dynorphin, leucine- 
and methionine-enkephalin and endog-
enous cannabinoids. GABA acts at post-
synaptic GABA

-A
 receptors on prima-

ry and second-order afferents to induce 
a slow, chloride anionic hyperpolarizing 
current; it acts at post-synaptic GABA

-B
 

receptors to metabotropically initiate K+-
mediated hyperpolarization. Dynorphin 
acts at post-synaptic kappa/OR2 recep-
tors that are negatively coupled to N-type 
Ca++ channels. The dynorphin-activated 
kappa/OR2 receptor undergoes confor-
mational change, closing the Ca++ channel 
and producing a gradual hyperpolariza-
tion. Leu- and met-enkephalin act at both 
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delta/OR1 and mu/OR3 opioid receptors 
to activate G-protein-mediated kinases, 
phosphorylate K+ channels and increase 
K+ influx to produce a hyperpolarizing 

current. The amino acid glycine may be 
released or co-released from GABA and 
dynorphin interneurons. Glycine acts at 
the glycine receptor, is an ionotropic Cl- 

ionophore, and induces membrane hy-
perpolarization and post-synaptic inhi-
bition (39). Prostaglandins, specifically 
PGE2 can antagonize the glycine recep-

nPB: parabrachial nucleus; NSTT neospinothalamic tract
PSTT: paleospinothalamic tract; 
S-I/S-II: primary and associative somatosensory and associative cortex; 
VPLc: ventroposterolateral caudal nucleus of the thalamus

Fig. 2. Schematic of  spinothalamic and thalamo-cortical pathways mediating sensory and cognitive dimensions of  

pain. The PSTT projects to intralaminar and medial thalamic nuclei. Projections from these nuclei to the anterior 

cingulate gyrus function in affective dimensions of  pain. The anterior cingulate also receives input from the posterior 

cingulate, SII associative cortex and hippocampus. The PSTT projects to the parabrachial nucleus (nPB) to 

activate the amygdala and hypothalamus, to mediate arousal and autonomic responses to pain. The NSTT projects 

to the VPLc thalamic nucleus. Thalamocortical pathways from VPLc project to SI and SII to mediate sensory 

discriminative aspects of  pain. SI and SII and the SII-insular-cingulate pathways function in cognitive and 

emotional dimensions of  pain.
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tor, thereby reducing the interneuronal 
pain modulation and producing a trend 
toward pain facilitation that is charac-
teristic in neurogenic inflammatory con-
ditions. The endogenous cannabinoids, 
anandamide and 2-arachadoylglycerol, 
act at type-1 cannabinoid (CB-1) recep-
tors on second-order neurons in the dor-
sal root ganglia and superficial laminae, to 
produce a slow hyperpolarization. Addi-
tionally, CB-1 receptors are found in cor-
tical and sub-cortical limbic areas where 
anandamide and exogenous cannabis act 

to modulate pain sensation and suppress 
arousal and aversive behaviors associated 
with pain. However, it has recently been 
shown that at higher concentrations may 
sensitize primary afferent TRPV (vanil-
loid) receptors and TTX-resistant Na+ 
channels to facilitate nociceptive respons-
es (40) (Fig. 3).

Bulbospinal Analgesia
The PSTT projects to the raphe nu-

clei  the sub-groups of the nucleus ra-
phe magnus (NRM) − of the rostroven-

tral medulla (RVM) and the magnocel-
lular nuclei (RMC: the nuclei reticularis 
gigantocellularis and reticularis paragi-
gantocellularis) of the caudal pons/RVM. 
The NRM and RMC receive both afferent 
input from the PSTT and efferent input 
from the PAG and that can drive systems 
of the brainstem nuclei to produce bul-
bospinal and/or centrifugal analgesia, re-
spectively (41). Inhibitory and excitatory 
connections in the brainstem determine 
the relative participation or co-participa-
tion of the NRM and RMC in modulating 

NOCICEPTIVE AFFERENTS 
ENTERING DORSAL ROOT

STT PROJECTIONS TO SUPRASPINAL SITES
(BRAINSTEM, MIDBRAIN, THALAMUS)

DRG

TRANSEGMENTAL 
INHIBITORY

INTERNEURON

SEGMENTAL INHIBITORY
 INTERNEURON

NS/WDR
SECOND ORDER AFFERENT(S)

(LAMINAE IIa, V)

CROSSING SECOND ORDER AFFERENT FIBERS ASCENDING IN 
ANTEROLATERAL WHITE MATTER (STT)

Fig. 3. Interneuronal pain modulation within the spinal dorsal horn. A-delta and C-fi bers project to interneurons 

that release dynorphin, enkephalin, GABA and glycine to decrease activity of  second-order nociceptive specifi c (NS) 

and wide dynamic range (WDR) afferents. Local inhibition within the dorsal horn is dependent upon the spatial and 

temporal coding of  afferent nociceptive input. Spinal inhibitory interneurons may also be activated by descending 

input from the brainstem. See text for complete description of  these mechanisms. (NOTE: Figure not drawn to scale 

to illustrate synaptic arrangement.)
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pain of different intensities, duration, and 
modalities (29).  

Projections from the NRM and RMC 
descend in the spinal dorsolateral funiculi 
and form polysynaptic contacts with pop-
ulations of spinal interneurons as well as 
monosynaptic contact with second-order 
and primary afferent neurons in laminae 
I, II and V. The projection of NRM and 
RMC fibers to groups of thermo-, mecha-
no- or polysponsive afferents and/or their 
WDR and NS target cells may affect stim-
ulus-specific patterns of anti-nocicep-
tion mediated by 5-HT or NE bulbospinal 
pathways (28).

Midbrain-Centrifugal Analgesia 
Afferent input from the PSTT and ef-

ferent projections from the cingulate gy-
rus, as well as nuclei of the limbic fore-
brain and hypothalamus activate endor-
phin-, enkephalin- and orphanin-con-
taining neurons of the PAG. Projections 
from the PAG to the brainstem are both 
inhibitory and excitatory. Opioids from 
the PAG act at post-synaptic mu/OR3 re-
ceptors to suppress GABAergic interneu-
rons of the midline brainstem, disinhib-
iting the tonic and burst activity of de-
scending 5-HT tracts of the raphe-spi-
nal system and descending NE from the 
RMC (42). In contrast, a glutamate-me-
diated pathway from the PAG can excite 
populations of brainstem “on” and “off” 
cells to directly engage NRM and/or RMC 
systems to modulate STT activity. The ac-
tivity of these pathways seems to be reli-
ant upon the intensity of noxious input 
− milder pain evokes low-level glutamate 
stimulation of brainstem nuclei while 
more intense or durable pain engages 
the PAG in centrifugal suppression of the 
STT through disinhibition of bulbospinal 
pathways (41). Additionally, opioids from 
the PAG/PVG may be released into the ce-
rebrospinal fluid (CSF) and act at popu-
lations of delta/OR1 and mu/OR3 recep-
tors on primary, second-order, and inter-
neurons of the spinal cord to inhibit pain 
transmission (41, 42) (Fig. 4, Table 4).

Cortical Pain Modulation
Neurons of the sensory cortex can 

directly inhibit thalamo-cortical projec-
tions arising from the STT; such corti-
co-thalamic inhibition of the non-noci-
ceptive medial lemniscal tract can also 
occur. Such inhibition increases asymp-
totically with thalamo-cortical input that 
is rapidly temporally- and spatially-sum-

mating, acting as high band-pass filter for 
nociceptive information. Cortical neu-
rons can also excite both thalamo-cortical 
and STT fibers to up-modulate “filtered” 
information. This compensates for differ-
ent response characteristics between tha-
lamic projections and their target corti-
cal neurons, augments the response-func-
tion and enhances the signal:noise ratio of 
thalamically-driven cortical circuits that 
function in pain localization and discrim-
ination (43). 

Fibers from the frontal, pre-frontal, 
and orbital cortex can engage limbic cir-
cuits of the amygdala, septal nuclei, and 
hypothalamus to modulate nociception 
and pain perception. This latter point is of 
particular interest in that imaging studies 
have shown the involvement of the lateral 
prefrontal cortex in placebo and “expecta-
tional” analgesia. This site may also acti-
vate limbic, or PAG-descending modula-
tory components, to play a role in the en-
gagement and/or maintenance of diffuse 
noxious inhibitory pain control (DNIC) 
produced by peripheral tactile stimula-
tion and/or environmental or behavior-
al stimuli (44) 

Dorsal Column Pain Modulation
A-beta driven, low threshold mecha-

nosponsive WDR cells can modulate no-
ciceptive activity of the STT. Low inten-
sity mechanical stimuli activate interneu-
rons in laminae II, IIa, and IV that link the 
fibers of WDR cells of the non-nocicep-
tive dorsal columns with fibers of the STT 
and produce inhibitory post-synaptic po-
tentials (IPSPs) in STT cells. These IPSPs 
have a longer duration than the initiating 
low intensity stimulus, and cause brief, 
but summative, inhibition of nocispon-
sive WDR and NS cells of the STT. The 
dorsal column projects to the medullary 
nuclei cuneatus and gracilis, decussates at 
this level, and ascends as the medial lem-
niscal pathway to project to the VPL, ven-
tromedial, and pulvinar thalamic regions. 
Low level phasic or high frequency repet-
itive stimulation of medial lemniscal-tha-
lamic pathways can suppress volleys of 
nociceptive STT inputs, preventing no-
ciceptive thalamic activity and thalamo-
cortical transmission (45). 

There is evidence that A-beta 
mechanoreceptor/dorsal column stimu-
lation may engage central oxytocin-me-
diated mechanisms to enhance corti-
co-limbic and midbrain-centrifugal sys-
tems that modulate sensory and perhaps 

aversive cognitive dimensions of pain, ei-
ther specifically or as part of DNIC (46). 
These substrates are partly responsible for 
the clinical analgesic effects of dorsal col-
umn electrostimulation (DCS) and possi-
bly certain manual and tactile therapeutic 
approaches. Such effects, however, appear 
to be of relatively short duration and may 
become ineffective against progressive, in-
creasing pain. 

Continuous A-delta and C-fiber ac-
tivity can functionally and microstruc-
turally remodel the STT and supraspinal 
nociceptive pathways to potentiate pain 
transmission, thereby overcoming spinal 
or thalamic suppression by dorsal column 
input. Also, C-fiber-mediated neurogen-
ic inflammation induces production of 
nerve growth factor (NGF) that is released 
into both peripheral tissue and within the 
dorsal root ganglia. NGF alters transcrip-
tion elements in A-beta fibers, causing 
them to express vanilloid receptors, TTX-
sensitive and TTX-resistant Na+ channels, 
Na+-sensitive voltage-gated Ca++ chan-
nels, and produce the peptides subs-P and 
CGRP, characteristics associated with no-
ciceptive afferent fibers. NGF-exposed A-
beta fibers also exhibit synaptic rearrange-
ment, extending collaterals into lamina II 
and IIa to synapse upon NS and WDR 
cells (47). Altered physiologic responses 
to mechanical input and the synaptic con-
nectivities in laminae II and IIa can in-
duce transmission of non-noxious stimuli 
that are interpreted as painful. This mech-
anism is responsible both for the loss of 
dorsal column-mediated pain control and 
for a component of mechanical allodyn-
ia that follows neurogenic inflammation 
and peripheral neuropathic insult. 

Hormonally-Mediated Pain Modulation
Several hormonal systems have been 

shown to modulate pain. The hypotha-
lamic-pituitary-adrenal (HPA) axis is of 
particular note in that both hypothalam-
ic corticotropin releasing factor (CRF) 
and pituitary adrenocorticotropic hor-
mone (ACTH) produce moderate anal-
gesia. This effect is partially opioid-de-
pendent, suggesting that the corticotro-
pins may both mediate the stress response 
and induce the synthesis and release of the 
parent molecule, pro-opiomelanocortin 
(POMC), leading to facilitated produc-
tion of ACTH and opioids to further en-
hance responsivity to stress and pain (48). 
Pain-induced release of opioids from the 
PAG and NE from the RMC act at the hy-
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Fig. 4. Pathways of  bulbospinal and centrifugal analgesia. Afferent input from the STT activate brainstem 5-HT 

and/or NE systems to release monoamines within the dorsal horn. 5-HT post-synaptically inhibits nociceptive afferents 

and may engage inhibitory interneurons within the dorsal horn to indirectly reduce output of  nociceptive afferents. 

Norepinephrine directly inhibits fi ring of  nociceptive afferents. Opioids released from the PAG can disinhibit 

descending 5-HT and NE systems to evoke mesencephalic centrifugal analgesia. Opioids released from the PAG/PVG 

can also act at spinal opioid receptors to produce pain modulation. The limbic forebrain can activate the PAG to induce 

descending, centrifugal, bulbospinal and diffuse pain control. A description of  these systems is afforded in the text.

Dyn: dynorphin; DLF: dorsolateral 
funiculus; ENK: enkephalin; GABA: gamma 
amino butyric acid; 5-HT: serotonin; NE: 
norepinephrine; NRM: nucleus raphe 
magnus; NRGC/pG: nucleus reticularis 
gigantocellularis/paragigantocellularis; STT: 
spinothalamic tract; VPL: ventroposterior 
lateral nucleus of the thalamus
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pothalamus to produce increased levels 
of induced nitric oxide (iNO). iNO pro-
duces vasodilation within the hypotha-
lamic median eminence, increasing CRF 
and stimulating phasic release of ACTH 
from the anterior pituitary. Changing lev-
els of ACTH can affect adrenally-mediat-
ed stress responses and regulate the pro-

duction of POMC-derived opioid pep-
tides that have pain- and immuno-mod-
ulatory activity (48).

Acute and durable pain can engage 
spinal sympathetic innervation and act 
through the reticular-parabrachial-hy-
pothalamic pathway to induce autonom-
ic responses. Sympathetic stimulation of 

the chromaffin cells of the adrenal medul-
la causes the release of adrenal opioids en-
kephalin and endorphin, plus epinephrine, 
into the systemic circulation. Adrenal opi-
oids act at mu/OR3 and delta/OR1 opioid 
receptors of the peripheral nervous system 
to produce analgesia; changes in immune 
and metabolic function are mediated by 

Table 4. Physiologic and pharmacologic properties of  spinal and supraspinal pain modulating systems

SYSTEM & ANATOMY CHEMISTRY & PHYSIOLOGY

INTRASPINAL

SEGMENTAL INTERNEURONS

Interneurons in laminae II, V
• Synaptic contact with recurrent processes of 

A-delta fi bers

Opioid
Dynorphin: Acts at K- OR

2
 receptors 

G- protein mediated 
 K+, Ca++ mediated hyperpolarization

Leu/  Acts upon OR
1
 and OR

3
 receptors

mettenkephalin:        G- protein mediated
        K+ mediated hyperpolarization

GABA  Acts upon GABA
A
 receptors

G- protein mediated
Cl- mediated hyperpolarization

Acts upon GABA
B
 receptors

        G- protein mediated K+ hyperpolarization

Glycine  Acts at glycine receptors
 Cl- mediated hyperpolarization

Anandamide Acts at CB1 receptors
 Membrane stabilization/hyperpolarization

BULBOSPINAL

NRM

• Fibers from NRM descend via DLF 
• Mono- and polysynaptic contacts with 

primary and second-order units of dorsal 
horn

• Synapse upon interneurons

5-HT Acts upon post-synaptic 5-HT
1b

 receptors on (pre-synaptic) primary afferents 
and (post-synaptic) second-order neurons

G-protein mediated inhibition of cation current(s)
Hyperpolarizing; inhibitory

Acts upon post-synaptic 5-HT
3
 receptors on GABA and opioid spinal 

interneurons; 
Excitatory; evokes release of inhibitory modulators
Up regulation induces pain faciliatation via loss of inhibition/
excitation

BULBOSPINAL

RMC

• Fibers from NRCG/NRpG descend via DLF
• Mono- and polysynaptic contacts with 

primary and second-order afferents of dorsal 
horn

NE

Acts upon post-synaptic alpha
2
-receptors on (pre-synaptic) afferents and 

second-order afferents
G- protein mediated inhibition of cation current(s)
Graded hyperpolarization, inhibitory

MIDBRAIN

PAG 
PVG

• Multilevel connections: inputs from 
hypothalamus, limbic system, cortex

• Activated by STT
• Polysynaptic contact with brainstem to 

disinhibit centrifugal modulatory systems

Opioid   
Leu/
met- enkephalin:          Acts at OR

3
 and OR

1
 receptors

                                                      G protein mediated K+ hyperpolarization

endorphin Acts at OR
3
 receptors

         G protein mediated K+ hyperpolarization
orphanin                    Acts at ORL

1
 receptor

       K+ effl ux, inhibition of voltage-gated Ca++ channels
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the actions of these ligands at mu
3
 opioid 

and heterogeneous adrenergic receptors in 
non-neural tissues such as immunocytes, 
mast cells, vascular and enteric smooth 
myocytes, and adipocytes (49, 50).

CONCLUSION

Advances in pain medicine reflect 
rapid progress in basic, clinical, and more 
recently, the philosophical domains of re-
search. Systems-mediating nociception 
and anti-nociception are diverse, and re-
search has just begun to elucidate the im-
plications of such diversity. The theoret-
ical dialectic surrounding conceptualiza-
tion of peripheral versus central neural 
sensitization has been reconciled by rec-
ognition of nociceptive facilitatory mech-
anisms that exist throughout the nervous 
system. Recognition of heterogeneous 
chemical and molecular mediators of no-
ciception and anti-nociception has fos-
tered revised insight into the complexity 
of these substrates, and to a realization of 
the multitude of physiologic effects pro-
duced by and subserving pain. By under-
standing the anatomy, physiology, and 
neurochemistry of these systems, we may 
come to appreciate pain both as a neuro-
logic disease process and as an illness phe-
nomenon of the mind, an understanding 
that will aid in developing more effective 
research strategies and clinical approach-
es to expand therapeutic effectiveness 
against specific types of pain. 
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