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Nociceptive primary afferent fibers,
which convey noxious information from
the periphery to the spinal dorsal horn,
are commonly divided into those that ex-
press neuropeptides such as substance P
and calcitonin gene-related peptide
(CGRP), and those that show little or no
expression of neuropeptides. Peptidergic
nociceptive afferent fibers synapse onto
projection neurons in lamina I, most of
which express neurokinin 1 receptors
(NK1Rs). In contrast, nonpeptidergic no-
ciceptive afferent fibers project to lamina
II and synapses mainly onto intrinsic in-
hibitory and excitatory interneurons.

Central sensitization of spinal noxious
synapses contributes to inflammatory hy-
peralgesia via long-term potentiation
(LTP) of noxious glutamate neurotrans-
mission. LTP can occur in either lamina I

or II with different consequences. LTP of
lamina I projection neurons can amplify
the noxious information from the periph-
ery, which might contribute directly to the
observed hyperalgesia. In contrast, LTP of
lamina II neurons can produce either am-
plification or inhibition of noxious trans-
mission, depending on the excitatory or
inhibitory nature of these intrinsic neu-
rons as well as their targets (for example,
primary afferent fibers, projection neu-
rons, descending terminals, etc.).

Like LTP at some forebrain synapses, it
is assumed that translocation of AMPA re-
ceptors (AMPARs) containing the GluR1
subunit to the noxious synapses is a key
event in the initial phase of LTP that under-
lies acute inflammatory hyperalgesia. This
translocation of GluR1-containing AM-
PARs requires activation of CaMKII. Based
on the above-mentioned assumption, there
should be increased GluR1 insertion into
postsynaptic membrane for both lamina I
and II noxious synapses, accompanied by
increased activation of CMKII in the corre-
sponding regions, during acute inflamma-
tory hyperalgesia.

Larsson and Broman (2006) provided
data that are partly consistent with this hy-
pothesis. The nonpeptidergic primary affer-
ent fibers were labeled by transganglioni-
cally transported wheat-germ agglutinin-
horseradish peroxidase (WGA-HRP)
injected into one hindpaw of rat. Three days
later, capsaicin was injected into the same

region to induce inflammatory hyperalge-
sia. Twenty minutes after capsaicin injec-
tion, the rats were killed and the ultrastruc-
tural localization of GluRs and CaMKII and
pCaMKII (the active, phosphorylated form
of CaMKII) was examined using electron
microscopy after postembedding immuno-
gold labeling. The authors showed that
capsaicin-induced acute inflammatory hy-
peralgesia was accompanied by increased
levels for both CaMKII and pCaMKII in
lamina I noxious synapses, but decreased
levels for both CaMKII and pCaMKII in
lamina II noxious synapses.

In accordance with this, one would ex-
pect to find increased insertion of GluR1
in lamina I peptidergic noxious synapses
and possibly decreased insertion in lam-
ina II nonpeptidergic noxious synapses
in capsaicin-induced acute inflammatory
hyperalgesia. In contrast to this expecta-
tion, however, Larsson and Broman
(2008) showed that capsaicin-induced
acute inflammatory hyperalgesia is ac-
companied by increased postsynaptic
density of GluR1 in lamina II nonpepti-
dergic noxious synapses and unchanged
postsynaptic density of GluR1 in lamina
I peptidergic noxious synapses. The
postsynaptic density of GluR2/3 in lamina
II nonpeptidergic and lamina I peptider-
gic noxious synapses did not change
during capsaicin-induced hyperalgesia.
Furthermore, hyperalgesia was not ac-
companied by change of noxious synapse
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size. These findings may suggest that LTP
exists in lamina II but not in lamina I nox-
ious synapse, and raise two questions.
First, is it true that LTP does not occur at
lamina I noxious symapses? Second, why
is increased activation of CaMKII in lam-
ina I not accompanied by increased GluR1
insertion?

Low-frequency (2 Hz) stimulation
(LFS), which resembles the continuous
low-frequency afferent (C-fiber) barrage
that occurs during inflammation, can in-
duce LTP in lamina I noxious synapses
(Ikeda et al., 2006). Meanwhile, in vivo ob-
servation confirmed that lamina I NK1R-
positive projection neurons are important
for capsaicin-induced acute inflamma-
tory hyperalgesia (Mantyh et al., 1997).
Thus, the answer to the first question is
likely that lamina I NK1R-positive projec-
tion neurons can establish LTP during
capsaicin-induced inflammatory hyperal-
gesia, but there must be some other mech-
anisms underlying this form of LTP.
However, it is difficult to answer the sec-
ond question based on current data.

Larsson and Broman (2008) gave sev-
eral possible answers to the two afore-
mentioned questions, including the fol-
lowing. (1) Other changes such as
phosphorylation of already inserted
GluR1 contribute to the observed LTP of
lamina I noxious synapses. (2) Activation
of synaptic CaMKII might not be suffi-
cient to translocate GluR1 to synapse. (3)
There are slower translocations of GluR1
to the synapses in lamina I than in lamina
II. (4) LTP of lamina I noxious synapses
contributes to the latter phase of inflam-
matory hyperalgesia. Based on our read-
ing on this study and other recent studies,
we suggest another possibility.

Ikeda et al. (2006) performed whole-
cell recording on lamina I projection neurons
identified by retrograde labeling with a fluo-
rescent tracer, DiI (1,1�-dioctadecyl-3,3,3�,3�-
tetramethylindocarbocyanine perchlorate),
injected into either parabrachial nuclei (PBN)
or periaqueductal gray (PAG). LFS was given
to assess LTP in the lamina I neurons. The au-
thors found that LFS did not cause any

LTP in any of the tested lamina I neurons
that projected to the PBN (spino-PBN
neuron), but LFS did cause LTP in all of
the tested lamina I neurons that projected
to the PAG (spino-PAG neuron). Accord-
ing to a previous report (Spike et al.,
2003), �90% of PAG-projection neurons
in lamina I (in their study, total number of
PAG-projection neurons in lamina I is
120 of 400 projection neurons) also sent
axons to PBN. Assuming that Ikeda et al.
(2006) only recorded neurons that project
purely to the PAG, the number of projec-
tion neurons that display LTP would be
�12, or �3% of lamina I projection neu-
rons. Although consistently recording
from such a small number of neurons
would be difficult, suggesting at least
some of the spino-PAG neurons that
Ikeda et al. examined also projected to
PBN, making it difficult to assess the pro-
portion of lamina I projection neurons
that are potentiated by LFS. Nevertheless,
even if LTP can be induced by LFS in all
spino-PAG neurons and only in these
neurons, and assuming a homogeneous
peptidergic innervation of lamina I pro-
jection neurons, �30% of peptidergic
synapses would be potentiated, and it is
possible that the increased levels of GluR1
would not be detectable. In fact, Larsson
and Broman did show a slight but not
quite statistically significant increase in
postsynaptic GluR1 levels at peptidergic
synapses.

The question remains why there is
such a prominent increase in pCaMKII
and CaMKII in lamina I synapses. Do
other changes, such as phosphorylation of
already inserted GluR1, contribute to the
observed LTP at lamina I noxious syn-
apses? Is activation of synaptic CaMKII
insufficient to translocate GluR1 to syn-
apse? We are waiting for the further exper-
imental evidence.

Larsson and Broman provided a very
useful protocol: anterograde labeling
nonpeptidergic primary nociceptive af-
ferent fibers combined with postembed-
ding immunogold labeling of AMPAR
subunits and related molecules. One of its

advantages is that the synapses receiving
nociceptive information via nonpeptider-
gic fibers can be identified, thus offering
informative measurements such as size of
noxious synapses and membrane density
of certain molecules. It can be applied in
other pain models (acute or chronic) to
investigate the underlying central sensiti-
zation, focusing on the nonpeptidergic fi-
bers’ contribution.

In conclusion, Larsson and Broman
reported the phenomenon of unchanged
insertion of GluR1 to lamina I noxious
synapses and increased insertion of GluR1
to lamina II noxious synapses during
capsaicin-induced acute inflammatory
hyperalgesia. In addition to those dis-
cussed by Larsson and Broman, we offer
an additional possible explanation for the
observed lack of capsaicin-induced re-
cruitment of GluR1 to peptidergic syn-
apses: The increased insertion of GluR1 to
lamina I noxious synapses is diluted by the
dominant population of projection neu-
rons that do not show LTP during hyper-
algesia. The protocol used in their study
has the potential to be applied in other
pain models to elucidate the underlying
mechanisms for central sensitization.
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