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ditorial comment

t’s not cool to reduce the skin temperature and activate the TRPM8 ion channel

fter spinal injury

ntti Pertovaara ∗

nstitute of Biomedicine/Physiology, University of Helsinki, Helsinki, Finland
Sensory signals eliciting perceptions of pain, warmth and cool
re mediated by thin myelinated or unmyelinated primary affer-
nt nerve fibers. In the skin, these nerve fibers appear in light
icroscopy as free nerve endings. To be able to detect and dis-

riminate sensory stimuli, the cell membrane of the free nerve
ndings expresses various types of receptors that are specialized
or transducing mechanical, thermal and/or chemical stimuli into
lectrical signals. The transduction of external stimuli to action
otentials is required for eliciting sensations resulting from periph-
ral stimulation, since the sensory signal to the brain is carried by
ction potentials in the primary afferent nerve fibers. Among the
eceptors contributing to the transduction process on free nerve
ndings are those belonging to the transient receptor potential
TRP) family of ion channels [1]. TRP channels, when activated by
ensory stimuli, allow inflow of cations (Na+ and Ca2+) and thereby
hey cause depolarization that may induce action potentials. Of the
RP family members expressed on nociceptive primary afferent
erve fibers, the transient receptor potential vanilloid 1 (TRPV1)
nd transient receptor potential ankyrin 1 (TRPA1) are so far the
est-known ion channel receptors involved in the transduction of
otential tissue-damaging stimuli. TRPV1 is activated by painful
eat and also by some pain-inducing chemicals, such as capsaicin,
hile TRPA1 is activated by various irritant compounds, such as

hose resulting in oxidative stress, some spices (e.g., mustard oil,
innamaldehyde and wasabi) and directly or indirectly also by nox-
ous mechanical stimulation. TRPA1 was originally considered to be
nvolved in transduction of painful cold to electrical signals (see for
eferences [1]), while later studies indicate that it plays a role in
athophysiological cold pain hypersensitivity rather than physio-

ogical detection of cold pain [2].
Transient receptor potential melastatin 8 (TRPM8), unlike

RPV1 and TRPA1, is expressed on both non-nociceptive and noci-
eptive nerve fibers [3,4]. In physiological conditions, TRPM8 is
onsidered to have an important role in transduction of innocuous

ool stimuli. TRPM8 can also be activated by chemical com-
ounds, such as menthol or icilin, which elicit a cool sensation.
oncerning potential contribution of TRPM8 to pain, previous
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neurophysiological findings are diverse and allow speculating that
TRPM8 might aggravate as well as suppress pain. On one hand, it
may be argued that since TRPM8 is expressed by a subset of noci-
ceptive primary afferent nerve fibers [3] and since stimulation of
the cool sensing TRPM8 receptor in the skin activates a subpopu-
lation of the presumed spinal pain-relay neurons [5], it might be
expected that TRPM8 activation induces pain as well as non-painful
cool sensations even under physiological conditions. In the skin
of healthy subjects, however, activation of TRPM8 by mild cooling
or chemically with menthol has failed to induce pain or a cuta-
neous axon reflex that typically results in activation of nociceptive
nerve fibers [6]. In addition to the sensation of non-painful cooling,
the only finding in healthy subjects treated with topical menthol
was the reduced cold pain threshold [6]. On the other hand, there
are neurophysiological findings suggesting that TRPM8 might have
analgesic properties. The TRPM8 agonist menthol has been shown
to have a bimodal action on the pain-inducing TRPA1 channel that
varies from activation at low doses to inactivation at high doses [7].
This finding suggests that inactivation of TRPA1 by a high dose of
menthol might explain its local analgesic effect. Results of a recent
patch clamp study indicate that menthol may induce local analge-
sia also due to inactivation of voltage-gated sodium channels [8].
Additionally, there is previous evidence indicating that the activa-
tion of ascending pathways mediating the innocuous cool sensation
may suppress pain signaling at central levels (see for references
[9]). In line with these findings, there are reports that menthol may
in some conditions have an analgesic action [10], although overall
the results on the effect of menthol on pain in patients have been
variable [11,12].

Taking into account that the role of the TRPM8 in pain is still
quite unclear, the study by Gao et al. [13] in this issue of Scan-
dinavian Journal of Pain provides some valuable data that help in
understanding mechanisms of allodynia in neuropathic conditions.
Using an experimental model of spinal cord injury, Gao et al. show
that innocuous cooling of the skin or cutaneous administration of
TRPM8 agonists (menthol or icilin) elicited pain-like behavior that
was associated with aggravation of mechanical hypersensitivity
[13]. This result in spinally injured animals is in line with the atten-

uation of hypersensitivity by an inhibitor of TRPM8 in a peripheral
nerve injury model of neuropathy in the study of Knowlton et al.
[14]. While there is recent evidence indicating that TRPA1 may also
be involved in cold hypersensitivity [2], the results of Gao et al. [13]
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ndicate that at least in the spinal injury model TRPM8 rather than
RPA1 in the distal endings of primary afferent nerve fibers con-
ributes both to cold and mechanical hypersensitivity. In contrast,
utaneous TRPA1 [15] rather than TRPM8 [14] appears to be crit-
cal in the cold hypersensitivity induced by a chemotherapeutic
ompound oxaliplatin.

Since TRP channels are also expressed on central terminals of
rimary afferent nerve fibers where they regulate transmission
16], the results by Gao et al. [13] still leave open whether the
pinal regulation of transmission by TRPM8, TRPA1 or both [17]
xerts a role in pain-like behavior evoked by mild cooling or low-
ntensity mechanical stimulation of the skin in spinally injured
nimals. Independent of the potential role of spinal TRP channels,
he study of Gao et al. [13] suggests that blocking the TRPM8 on
he cutaneous nerve endings might provide a useful method for
ttenuating tactile and cool allodynia in patients with a spinal
njury.
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