Physiol. Res. 57: 797-800, 2008

RAPID COMMUNICATION

Orexin Affects Dorsal Root Ganglion Neurons: A Mechanism for
Regulating the Spinal Nociceptive Processing

J.-A. YAN'*, L. GE**, W. HUANG **, B. SONG!, X.-W. CHEN*, Z.-P. YU*

* These authors contributed equally to this work

'Urological Research Institute of PLA, Southwest Hospital, Third Military Medical University,
*Department of Dermatology, Southwest Hospital, Third Military Medical University, *School of
Basic Medicine, Third Military Medical University and “Department of Occupational Health, Third

Military Medical University, Chongqing, China

Received April 11, 2008
Accepted June 18, 2008

Summary

Orexins (orexin A and B) are initially known to be a
hypothalamic peptide critical for feeding and normal wakefulness.
In addition, emerging evidence from behavioral tests suggests
that orexins are also involved in the regulation of nociceptive
processing, suggesting a novel potential therapeutic approach for
pain treatment. Both spinal and supraspinal mechanisms appear
to contribute to the role of orexin in nociception. In the spinal
cord, dorsal root ganglion (DRG) neurons are primary afferent
neurons that transmit peripheral stimuli to the pain-processing
areas. Morphological results show that both orexin A and orexin-
1 receptor are distributed in DRG neurons. Moreover, by using
whole-cell patch-clamp recordings and
measurements we found that orexin A induced excitability and
intracellular calcium concentration elevation in the isolated rat

calcium imaging

DRG neurons, which was mainly dependent on the activation of
spinal orexin-1 receptor. Based on these findings, we propose a
hypothesis that the direct effect of orexin A on DRG neurons
would represent a possible mechanism for the orexinergic
modulation of spinal nociceptive transmission.
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Orexins are a pair of hypothalamic peptides
(orexin A and B) implicated in the regulation of feeding,
neuroendocrine homeostasis, drug addiction, autonomic
functions and the sleep-wake behavior (Ferguson and
Samson 2003, Sakurai 2007, Ohno and Sakurai 2008).
Orexins act via two subtypes of G-protein coupled
receptors, orexin-1 receptor and orexin-2 receptor, which
are expressed in multiple brain regions and peripheral
tissues (Voisin et al. 2003, Korczynski et al. 2006).
Orexin-1 receptor displays higher affinity for orexin A,
whereas orexin-2 receptor exhibits equal affinity for both
peptides (Sakurai ef al. 1998). At the cellular level, it has
been shown that the main responses to the orexin receptor
activation in various cells include Ca®" elevation and
increased electrical activity (Kukkonen et al. 2002).

In addition to the above functions, several lines
of evidence suggest that orexin has a potential role in the
modulation of nociceptive transmission. Orexin receptors
are moderately expressed in the periaqueductal gray, a
region involved in pain processing (Willis and Westlund
1997, Marcus et al. 2001). Orexin-containing neurons
send strong projections to lamina I of the spinal cord that
are important for nocicepive pathways (van den Pol
1999). Both orexin A and orexin B are distributed
throughout the spinal cord and orexin fibers are
concentrated in lamina I of the dorsal horn and in lamina
X surrounding the central canal (Date et al. 2000).
Orexin-1 receptor is localized on C-fibers in the spinal
cord (Hervieu ef al. 2001). On the other hand, emerging
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Fig. 1. Effects of orexin A on the freshly isolated DRG neurons. A. Application of 300 nM orexin A increased the number of action
potentials evoked by a series of current pulses of —20 pA to +140 pA (control, 3+1 events; orexin A, 8+3 events) (n=7; p<0.01). Single
DRG neurons were freshly isolated from adult male Sprague-Dawley rats using enzymatic treatment as described elsewhere (Huang and
Neher 1996). B. Application of 300 nM orexin A significantly induced [Ca**]; elevation (n=6; p<0.01). High K* solution was applied as a
positive control. C. Orexin A did not induce a calcium response in the presence of the selective orexin-1 receptor antagonist, SB 334867
(1 uM) (n=3). In contrast, high K* solution still increased [Ca®*]; under this condition. D. The calcium response to 300 nM orexin A was
significantly weaker than that to 1000 nM orexin A. Bar graph summarizes the normalized changes in F340/F380 ratio (300 nM orexin A,
0.042+0.009 arbitrary units; 1000 nM orexin A, 0.078+0.011 arbitrary units; n=5). ** p<0.01.

the
involvement of orexin system in nociceptive sensation.

data from behavioral tests have confirmed
Orexin A produced analgesic effects in hot-plate test and
formalin test (Bingham ez al. 2001, Yamamoto et al.
2002). Subsequently, the analgesic effects of orexins have
been studied extensively in various types of nociceptive
models, such as postoperative pain (Cheng et al. 2003),
neuropathic pain (Yamamoto et al. 2003b, Suyama et al.
2004), carrageenan test (Yamamoto ef al. 2003a). In most
studies, orexins showed antinociceptive effects on these

types of pains (Mobarakeh ef al. 2005a,b).

It has been demonstrated that both spinal and
supraspinal mechanisms contribute to the antinociceptive
effects of orexins (Bingham et al. 2001, Yamamoto et al.
2002). This is consistent with the localization of orexin-1
receptor in nociceptive regions of the spinal cord and the
brain (Trivedi et al. 1998, Hervieu et al. 2001). It is also
supported by the behavioral and pharmacological results
demonstrating that administration of orexins into the
spinal cord and related brain areas has analgesic effects
(Mobarakeh et al. 2005b). However, in this article our
attention was attracted by the question which sites in the



2008

799

Orexin and DRG Neurons

spinal cord would be the targets of orexin action in the
Fibers
densely project to the superficial dorsal horn of the spinal
cord (van den Pol 1999, Bingham et al. 2001), indicating
the involvement of this site. In line with this, the

nociceptive transmission. containing orexin

electrophysiological results show that orexin B has direct
excitatory effects on certain superficial dorsal horn
neurons (Grudt ef al. 2002).

In addition to the superficial dorsal horn, we also
hypothesize that dorsal root ganglion (DRG) neurons are
the targets of orexins responsible for the regulation of
spinal nociceptive transmission. It has long been known
that DRG neurons are primary afferent neurons that
transmit information from peripheral stimuli to the pain-
processing centers (Zhang and Bao 2006). Morphological
evidence has shown that both orexin A and orexin-1
receptor are distributed in DRG neurons (Bingham et al.
2001). To investigate whether orexin would directly
excite the DRG neurons, we performed a preliminary
experiment by wusing the whole-cell patch clamp
recording and Fura-2 Ca®" imaging. In freshly isolated rat
DRG neurons, bursts of action potentials were evoked by
depolarizing current under current

pulses clamp

conditions. Application of orexin A significantly
increased the number of the evoked action potentials
(Fig. 1A), suggesting an excitatory effect on the DRG
neurons. For intracellular Ca®* imaging, the isolated DRG
neurons on coverslips were loaded for 30 min with 1 uM
Fura-2 AM (Invitrogen, Carlsbad, CA, USA) at room
(22-24 °C). Fura-2
measurements were performed as described previously
(Zhang and Zhou 2002). As shown in Figures 1B and 1D,

orexin A produced an elevation of intracellular calcium

temperature fluorescence

concentration ([Ca’']y) in DRG neurons in a dose-

dependent manner. However, in the presence of
SB 334867 (the selective orexin-1 receptor antagonist)
(Fig. 1C),

completely blocked, indicating a role of orexin-1 receptor

orexin-induced calcium response was
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in mediating the effect of orexin A on DRG neurons.
Taken together, these results from electrophysiological
recordings and imaging experiments support our
excitability  and

intracellular calcium response in DRG neurons may be

hypothesis  that  orexin-induced

involved in its regulation of spinal nociceptive
processing, which is mainly dependent on the activation
of spinal orexin-1 receptor.

Up to now, much attention has been paid to the
identification of the mechanisms responsible for the
actions of orexin in varying cellular populations. One
general accepted model suggests that the activation of G,
by the binding of orexin to the orexin receptors triggers
the phospholipase C and protein kinase signaling
pathways, which subsequently leads to the enhancement
of a nonselective cationic conductance and inhibition of a
potassium current. This pathway would then mediate the
excitatory effect caused by orexin (Yang et al. 2003). In
addition, either extracellular Ca*" influx or intracellular
Ca®" release contributes to the orexin-induced [Ca®'];
increase in various cells (Xia et al. 2005). Therefore,
further studies are needed to investigate the possible
mechanisms underlying the responses to orexin which we
observed in the DRG neurons.

In conclusion, based on the previous
morphological finding (Bingham et al. 2001) and the
present functional studies, we would like to suggest that
the orexinergic projections to DRG neurons might
provide a possible pathway for orexin modulation of pain
information transmission, which suggests a new potential
therapeutic target to treat the pain. However, further in
vitro and in vivo studies are necessary to clarify how the
orexin-DRG pathway is involved in the nociceptive
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