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• Las moléculas 

transductoras son canales 
iónicos

• La familia más grande 
pertenece a los Transient 
Receptor Potential (TRP) 

• El primero conocido y más 
estudiado es el TRPV1 o 
receptor de Capsaicina

                    
                    

                  

212 CHAPTER 10 

BOX 10A Capsaicin 

Capsaicin, the principle ingredient 
responSJ.ble for the pungency of hot 
peppers, is eaten daily by over a third 
of the world's population. Capsaicin 
activates responses in a subset of noci-
ceptive C fibers (polymodal nocicepto.rs) 
by opening ligand-gated ion channels 
that permit the entry of Na+ and Ca2+. 
One of these channels, 1RPV1, has 
been cloned and has been found to be 
activated by capsaicin, acid, and anan-
d.amide (an endogeneous compound. 
that also activates cannabanoid recep-
tors), or by heating the tissue to about 
43°C. It follows that anandamide and 
temperature are probably the endog-
enous activators of these ch.ann.els. 
Mice whose 1RPV1 receptors have been 
knocked out drink capsaicin solutions 
as if they were water. Receptors for 
capsaicin have been found in polymod-
al nociceptors of all mammals, but they 
are not present in birds Oeading to the 

production of squirrel-proof birdseed 
laced with capsaicin). 

When applied to the mucus mem-
branes of the oral cavity, capsaicin acts 
as an irritant. producing protective 
reactions. When injected into skin, it 
produces a burning pain and elicits 
hyperalgesia to thermal and mechani-
cal stimuli. Repeated applications of 
ca.psaicin also desensime pain fibers 
and prevent neuromodulators such as 
substance P, VIP, and somatostatin 
from being released by peripheral and 
central nerve terminals. Consequently, 
ca.psaicin is used clinically as an anal-
gesic and anti-inflammatory agent; it 
is usually applied topically in a cream 
(0.075%) to relieve the pain associated 
with arthritis, postherpetic neuralgia, 
mastectomy, and t:rigeminal neuralgia. 
Thus, this remarkable chemical irritant 
not only gives gustatory pleasure on an 

enormous scale, but it is also a useful 
pain reliever. 
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(A) Some widely used peppers that contain capsaicin. (8) The chemical struc-
ture of capsaicin. (Q The capsaicin molecule. (D) Schematic of the VR-1/cap-
saidn receptor channel. This channel can be activated by capsaicin intracellu-
larly, or by heat or protons (W) at the cell surface. 

of mechano- and chemonociception is an area of active in-
vestigation and is critical for understanding the initial steps 
in the neural pathways that contribute to pain. 

The graded potentials arising from receptors in the distal 
branches of nociceptive fibers must be transformed into ac-
tion potentials in order to be conveyed to synapses in the 
dorsal horn of the spinal cord. Voltage-gated sodium and 

potassium channels are critical in this process (see Chapter 
4), and one specific subtype of sodium channel-Navl.7-
appears to be especially important for the transmission of 
nociceptive information. Altered activity of Nav1.7 is re-
sponsible for a variety of human pain disorders. Mutations 
of the NAV1.7 gene that lead to a loss of this channel's 
function result in an inability to detect noxious stimulation, 
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of signal detection, and follow this with a brief over-
view of recent genetic studies that highlight the contri-
bution of voltage-gated channels to pain transmission  
(Figure 3).
Activating the Nociceptor: Heat
Human psychophysical studies have shown that there is a clear 
and reproducible demarcation between the perception of innoc-
uous warmth and noxious heat, which enables us to recognize 
and avoid temperatures capable of causing tissue damage. This 
pain threshold, which typically rests around 43°C, parallels the 
heat sensitivity of C and type II Aδ nociceptors described earlier. 
Indeed, cultured neurons from dissociated dorsal root ganglia 
show similar heat sensitivity. The majority display a threshold 
of 43°C, with a smaller cohort activated by more intense heat 
(threshold >50°C) (Cesare and McNaughton, 1996; Kirschstein 
et al., 1997; Leffler et al., 2007; Nagy and Rang, 1999). Molecu-
lar insights into the process of heat sensation came from the 
cloning and functional characterization of the receptor for cap-
saicin, the main pungent ingredient in “hot” chili peppers. Cap-
saicin and related vanilloid compounds produce burning pain by 
depolarizing specific subsets of C and Aδ nociceptors through 
activation of the capsaicin (or vanilloid) receptor, TRPV1, one 
of approximately 30 members of the greater transient recep-

tor potential (TRP) ion channel family (Caterina et al., 1997). The 
cloned TRPV1 channel is also gated by increases in ambient 
temperature, with a thermal activation threshold of ?43°C.

Several lines of evidence support the hypothesis that TRPV1 
is an endogenous transducer of noxious heat. First, TRPV1 
is expressed in the majority of heat-sensitive nociceptors 
(Caterina et al., 1997). Second, capsaicin- and heat-evoked 
currents are similar, if not identical, in regard to their pharma-
cological and biophysical properties, as are those of heterolo-
gously expressed TRPV1 channels. Third, and as described 
in greater detail below, TRPV1-evoked responses are mark-
edly enhanced by proalgesic or proinflammatory agents (such 
as extracellular protons, neurotrophins, or bradykinin), all of 
which produce hypersensitivity to heat in vivo (Tominaga et al., 
1998). Fourth, analysis of mice lacking this ion channel not only 
revealed a complete loss of capsaicin sensitivity, but these 
animals also exhibited significant impairment in their ability 
to detect and respond to noxious heat (Caterina et al., 2000; 
Davis et al., 2000). These studies also demonstrated an essen-
tial role for this channel in the process whereby tissue injury 
and inflammation leads to heat hypersensitivity, reflecting the 
ability of TRPV1 to serve as a molecular integrator of thermal 
and chemical stimuli (Caterina et al., 2000; Davis et al., 2000).

The contribution of TRPV1 to acute heat sensation, how-
ever, has been challenged by data collected from an ex vivo 
preparation in which recordings are obtained from the soma of 
DRG neurons with intact central and peripheral fibers. In one 
study, no differences were observed in heat-evoked responses 
from wild-type and TRPV1-deficient animals (Woodbury et al., 
2004), but a more recent analysis from this group found that 
TRPV1-deficient mice do indeed lack a cohort of neurons 
robustly activated by noxious heat (Lawson et al., 2008). Tak-
ing these data together with the results described above, we 
conclude that TRPV1 unquestionably contributes to acute heat 
sensation, but agree that TRPV1 is not solely responsible for 
heat transduction.

In this regard, whereas TRPV1-deficient mice lack a compo-
nent of behavioral heat sensitivity, the use of high-dose cap-
saicin to ablate the central terminals of TRPV1-expressing pri-
mary afferent fibers results in a more profound, if not complete, 
loss of acute heat pain sensitivity (Cavanaugh et al., 2009). 
As for the TRPV1 mutant, there is also a loss of tissue injury-
evoked heat hyperalgesia. Taken together, these results indi-
cate that both the TRPV1-dependent and TRPV1-independent 
component of noxious heat sensitivity is mediated via TRPV1-
expressing nociceptors.

What accounts for the TRPV1-independent component of 
heat sensation? A number of other TRPV channel subtypes, 
including TRPV2, 3, and 4, have emerged as candidate heat 
transducers that could potentially cover detection of stimu-
lus intensities flanking that of TRPV1, including both very hot 
(>50°C) and warm (mid-30°C) temperatures (Lumpkin and 
Caterina, 2007). Heterologously expressed TRPV2 chan-
nels display a temperature activation threshold of ?52°C, 
whereas TRPV3 and TRPV4 are activated between 25°C and 
35°C. TRPV2 is expressed in a subpopulation of Aδ neurons 
that respond to high-threshold noxious heat, and its biophysi-
cal properties resemble those of native high-threshold heat-

Figure 3. Nociceptor Diversity
There are a variety of nociceptor subtypes that express unique repertoires 
of transduction molecules and detect one or more stimulus modalities. 
For example, heat-sensitive afferents express TRPV1 and possibly other, 
as yet unidentified heat sensors; the majority of cold-sensitive afferents 
express TRPM8, whereas a small subset likely express an unidentified cold 
sensor. Polymodal nociceptors also express chemoreceptors (e.g. TRPA1) 
and one or more as yet unidentified mechanotransduction channels. These 
fibers also express a host of sodium channels (such as NaV 1.8 and 1.9) 
and potassium channels (such as TRAAK and TREK-1) that modulate 
nociceptor excitability and/or contribute to action potential propagation. 
Three major C fiber nociceptor subsets are shown here, but the extent of 
functional and molecular diversity is undoubtedly more complex. Further-
more, the contribution of each subtype to behavior is a matter of ongoing  
study.
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• Las fibras Aδ y C sinaptan 

neuronas en capa I, II y V 
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534  Part V / Perception

Many neurons in the most superficial lamina of 
the dorsal horn, termed lamina I or the marginal layer, 
respond to noxious stimuli conveyed by Aδ and C 
fibers. Because they respond selectively to noxious 
stimulation they have been called nociception-specific 
neurons. This set of neurons projects to higher brain 
centers, notably the thalamus. A second class of lamina 
I neurons receives input from C fibers that are activated 
selectively by intense cold. Other classes of lamina I 
neurons respond in a graded fashion to both innocu-
ous and noxious mechanical stimulation and thus are 
termed wide-dynamic-range neurons.

Lamina II, the substantia gelatinosa, is a densely 
packed layer that contains many different classes of local 
interneurons, some excitatory and others inhibitory. 
Some of these interneurons respond selectively to noci-
ceptive inputs, whereas others also respond to innocu-
ous stimuli. Laminae III and IV contain a mixture of 

after therapeutic transection of sensory afferent fibers 
in the dorsal roots.

Signals from Nociceptors Are Conveyed to 
Neurons in the Dorsal Horn of the Spinal Cord

The perception of noxious stimuli arises from signals in 
the peripheral axonal branches of nociceptive sensory 
neurons whose cell bodies are located in dorsal root 
ganglia or the trigeminal ganglia. The central branches 
of these neurons terminate in the spinal cord in a highly 
orderly manner. Most terminate in the dorsal horn. 
Primary afferent neurons that convey distinct sensory 
modalities terminate in different laminae (Figure 24–3B). 
Thus there is a tight link between the anatomical organi-
zation of dorsal horn neurons, their receptive properties, 
and their function in sensory processing.

C fiber
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To brain stem
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B  Spinal cord inputs
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(mechanoreceptor)
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Thermal Polymodal SilentMechanical

A  Nociceptor types

Figure 24–3 Nociceptive fibers terminate in the dorsal horn 
of the spinal cord.
A. Peripheral nociceptor classes.
B. Neurons in lamina I of the dorsal horn receive direct input 
from myelinated (Aδ) nociceptive fibers and both direct and 
indirect input from unmyelinated (C) nociceptive fibers via 
interneurons in lamina II. Lamina V neurons receive low- 
threshold input from large-diameter myelinated fibers (Aβ) of 

mechanoreceptors as well as inputs from nociceptive affer-
ent fibers (Aδ and C fibers). Lamina V neurons send dendrites 
to lamina IV, where they are contacted by the terminals of 
Aβ primary afferents. Dendrites in lamina III arising from cells 
in lamina V are contacted by the axon terminals of lamina II 
interneurons. Aα fibers innervate motor neurons and interneu-
rons in the ventral spinal cord (not shown). (Modified, with 
permission, from Fields 1987.)
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• Al igual que en la vía SS 
(cordones posteriores) la 
segunda neurona decusa 
hacia el contralateral 

• Asciende por numerosos 
tractos hacia diversas 
regiones 

• Los principales tienen sus 
axones en el sistema 
anterolateral de la médula
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The lateral nuclear group comprises the ventro-
posterior medial nucleus, the ventroposterior lateral 
nucleus, and the posterior nucleus. These three nuclei 
receive inputs through the spinothalamic tract from 
nociception-specific and wide-dynamic-range neurons 
in laminae I and V of the dorsal horn. The lateral thal-
amus is thought to be concerned with the processing 
of information about the precise location of an injury, 
information usually conveyed to consciousness as 
acute pain. Consistent with this view, neurons in the 
lateral thalamic nuclei have small receptive fields, 
matching those of the presynaptic spinal neurons.

Injury to the spinothalamic tract and its thalamic 
targets causes a severe form of pain termed central pain. 
An infarct in a small region of the ventroposterolateral 
thalamus produces the perception of a spontaneous 
burning pain, together with other abnormal sensations 

dorsal columns and terminate in the cuneate and grac-
ile nuclei of the medulla.

The spinohypothalamic tract contains the axons of 
neurons found in laminae I, V, and VIII of the dorsal 
horn in the spinal cord. These axons project to hypo-
thalamic nuclei that serve as autonomic control cen-
ters involved in the regulation of the neuroendocrine 
and cardiovascular responses that accompany pain  
syndromes.

Several Thalamic Nuclei Relay Nociceptive 
Information to the Cerebral Cortex

The thalamus contains several relay nuclei that partici-
pate in the central processing of nociceptive informa-
tion. Two of the most important regions of the thalamus 
are the lateral and medial nuclear groups.
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Figure 24–12 Three of the five ascending pathways 
that transmit nociceptive information from the spinal cord 

to higher centers. (Adapted, with permission, from Willis 
1985.)
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