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ARTICLEINFO ABSTRACT
Article history: The substantia gelatinosa (SG) of the trigeminal subnucleus caudalis (Vc) receives many
Accepted 17 September 2009 thin-myelinated Ad-fiber and unmyelinated C primary afferent fibers and has been
Available online 24 September 2009 implicated in the processing of nociceptive information. Somatostatin (SST) is a
neuromodulator in the brain and spinal cord. A number of studies have demonstrated
Keywords: that SST can play a key role in pain modulation at the spinal cord level. However, there is
Somatostatin little information available on functional SST receptor expression in the SG neurons of the
Substantia gelatinosa Vcin mice. This study examined the direct membrane effects of SST and SST receptor type 2
Trigeminal brainstem subnucleus agonist, seglitide (SEG) on the SG neurons of Vc in gramicidin perforated current clamp
caudalis mode. In addition, SSTR2 mRNA expression was detected on the SG neurons using single cell
Gramicidin perforated patch clamp RT-PCR in juvenile mice. Most SG neurons (37/68, 54%) were hyperpolarized after a bath

application of SST. When SST was applied in stages, the second responses (83% of the first
response) were less intense than those after the first application suggesting that SSTRs are
desensitized by repeated application. The SST-induced hyperpolarizing response was
maintained in the presence of TTX (Na* channel blocker), AP-5 (NMDA receptor antagonist),
CNQX (non-NMDA glutamate receptor antagonist), picrotoxin (GABA, receptor antagonist)
and strychnine (glycine receptor antagonist), respectively, suggesting that SST has direct
effects on the postsynaptic SG neurons. SSTR2 mRNA was detected in 11 out of 28 (39%) SG
neurons tested. The SST-induced hyperpolarizing effects were mimicked by SEG, a SSTR2
agonist. These results suggest that functional SSTR2 receptors are expressed on the SG
neurons of Vc in juvenile mice and can be a potential target for modulating orofacial pain.
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1. Introduction

The neuropeptide, somatostatin (SST), is synthesized and
released in the hypothalamus and transported to the anterior
pituitary gland through the portal circulation. SST inhibits the
release of growth hormone from the somatotropes and blocks
the secretion of prolactin, thyrotropin-stimulating hormone,
and adrenocorticotropin hormone (Lamberts, 1988). SST is
distributed widely through the peripheral and central nervous
system and affects various physiological actions, including
sensory information processing (Epelbaum et al.,, 1994) by
binding to the G-protein coupled SST receptors (Schindler et
al., 1996; Lahlou et al., 2004).

The substantia gelatinosa (SG) neurons of the trigeminal
subnucleus caudalis (Vc), which is also called the medullary
dorsal horn, play an important role in orofacial nociceptive
transmission (Sessle, 1996). A number of studies have
suggested that SST and its receptors are involved in the
modulation of orofacial pain. Trigeminal ganglion neurons
innervating to the superficial layer of Vc show immunoreac-
tivity to the SST receptors (Ichikawa et al., 2003; Takeda et al,,
2007). The SST type 2A receptor is co-expressed with the
vanilloid type 1 and calcitonin gene related peptide receptors,
which are related to pain processing (Ichikawa et al., 2003).
SSTR2 immunoreactivity is also detected in the neuronal cell
bodies of SG neurons of the Vc (Ichikawa et al., 2003). Centrally
applied SST analogues reduce the number of c-Fos positive
neurons at the Vc (Bereiter, 1997). The intrathecal adminis-
tration of SST has antinociceptive effects in vivo (Mollenholt et
al., 1994).

In the spinal dorsal horn, SST inhibits the SG neuronal
activities directly by potentiating the voltage dependent K*
current but is not mediated by the activation of either GABA or
glycine receptors affecting the presynaptic mechanism (Jiang
et al., 2003). Although several studies have examined the
mechanisms of SST-induced inhibition on nociceptive trans-
mission in the spinal dorsal horn, there is no electrophysio-
logical evidence of the SST action on SG neurons of Vc in mice
reported thus far. Because mice are a powerful genetically-
manipulable experimental model, the data from mice may
provide important information on antinociception. Therefore,
this study examined the effects of SST and clarified the SST
receptor subtype related to the response using the gramicidin-
perforated patch clamp technique. Single cell RT-PCR was also
performed for the detection of SSTR2 mRNA on SG neurons of
the Vc in juvenile mice.

2. Results
2.1. Somatostatin-mediated responses on SG neurons

The SG (lamina II) of the Vc was clearly visible as a translucent
band, just medial to the spinal trigeminal tract and traveled
along the lateral edge of the slice. In total, the gramicidin
perforated-patch clamp recordings were obtained from 68 SG
neurons (RMP, -67.4+1.43 mV, n=68). In perforated current
clamp mode, the bath application of 300 nM SST caused the
following: membrane hyperpolarization (Fig. 1A), no response
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Fig. 1 - Somatostatin (SST) induced various responses on
the SG neurons of the Vc in juvenile mice. (A) Gramicidin
perforated representative voltage trace depicting
hyperpolarization induced by SST (300 nM) applied to a SG
neuron. (B) A trace from a SG neuron showing no response to
SST (300 nM). (C) A representative trace showing membrane
depolarization of a SG neuron. (D) Representative trace
showing hyperpolarization by SST in a SG neuron showing
spontaneous action potentials. The bars indicate the
duration of SST application.

(Fig. 1B), membrane depolarization (Fig. 1C) or membrane
hyperpolarization with a decrease in the action potentials in
neurons showing spontaneous activity (Fig. 1D). In males, 22
(59.5%) out of 37 SG neurons were hyperpolarized (-9.84+1.36 mV,
n=22) by 300 nM SST application and one neuron was depolarized
(1.46 mV). However, 14 (48.3%) neurons were not affected by SST.
In females, 48.3% (15/31) of the neurons tested were hyperpola-
rized (-11.4+1.35 mV, n=15) by 300 nM SST application and 2
neurons were depolarized (4.04+0.14 mV, n=2). However, 14
(45.2%) out of 31 neurons were unaffected by SST.

In order to determine whether SG neurons are desensitized
by the repeated application of SST, 300 nM SST was applied in
stages to the SG neurons showing hyperpolarizing responses.
Fig. 2A shows the short-lived and repeatable hyperpolariza-
tion by the application of SST. The 2nd response by SST
application was less intense than that of the first application.
Fig. 2B shows a comparison of the membrane potential
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