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Analgesic Effect of Intrathecal Administration
of Orexin on Neuropathic Pain in Rats
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Abstract. Orexin-A, a hypothalamic peptide found in the
neurons of the lateral hypothalamus, has been shown to
modulate pain. We examined whether orexin could alleviate
heat-evoked hyperalgesia in rats caused by chronic constriction
injury (CCI) of the sciatic nerve. Orexin-A, orexin-B, the
vehicle, or orexin-A-antiserum was intrathecally administered
to CCI rats. Paw withdrawal latency (PWL) was measured
from 30 to 300 minutes after injection, which was repeated for
2 days. Orexin-A administration normalized APWL (PWL in
the CCI side minus PWL in the control side) and inhibited
heat-evoked hyperalgesia in CCI rats, while orexin-A antiserum
inhibited the normalization of heat-evoked hyperalgesia caused
by orexin-A two-fold. In contrast, orexin-B had no significant
effect. These results suggest that orexin-A may be applicable for
treatment of neuropathic pain.

A hypothalamic peptide known as orexin (hypocretin) is
found in the neurons of the lateral hypothalamus (1, 2) and
has been reported to be involved with feeding behavior and
energy homeostasis (3), sleep/wakefulness (4, 5), the
sympathetic nervous system (6) and pain (7-9). Further,
some reports have noted that the peptide may be an
important anti-nociceptive and anti-hyperalgesic agent (7-
9). Orexin fibers also have a role in sensory processing,
while the presence of robust projections from the
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hypothalamus to lamina 1 of the spinal cord strongly
implicates orexin in the modulation of nociceptive pathways
(8, 10). In addition, results of behavioral tests using an
inflammatory pain model suggested that orexin-A is a
potent analgesic (7, 9).

Peripheral inflammation induced by intra-plantar injection
of carrageenan and formalin are models of inflammatory
pain in animals, while chronic constriction injury (CCI) of
the sciatic nerve (11), one of the most widely used models
for the study of neuropathic pain, has been reported to
induce an inflammatory response in the ipsilateral hind paw
(12, 13). The aim of the present study was to investigate the
alleviation of heat-evoked hyperalgesia by orexin in a rat
neuropathic pain model as well as the effect of orexin
antiserum.

Materials and Methods

Fifty-one adult (approximately 7 weeks old) Sprague-Dawley rats,
weighing between 200 and 300 g, were housed in individual cages
with a 12-hour light/dark cycle (lights on at 8:00 am) and a constant
room temperature of 23+/-2°C, with access to food ad libitum.
Each rat was anesthetized with sodium pentobarbital (50 mg/kg,
i.p., supplemented as necessary) and an experimental nerve injury
was induced in the right hind limb. According to the method
described in detail in a previous report (11), CCI was induced using
4 loosely constrictive ligatures of 4.0 chromic gut tied around the
right sciatic nerve at mid-thigh level. In each animal, an identical
contralateral dissection was also performed, omitting the ligatures
(sham surgery as a control). The muscle and skin tissues were then
closed in layers. Following surgery, the rats were housed
individually in cages for 10 days. Orexin-A and orexin-B (Peptide
Institute, Inc., Osaka, Japan) were dissolved in saline and given as
a bolus in volumes of 1, 10, or 30mcg/10 ul, followed by 10 ul of
saline to wash the peptide. Orexin-A-antiserum (Peptide Institute,
Inc.) (1:500 or 1:5000 dilution) was given as a bolus in 10 ul,
followed by 10 ul of saline to wash the antiserum. For the
intrathecal injection, polyethylene tubing (Intramedic™ PE-10,
Becton Dickinson and Co. Japan, Tokyo, Japan) was passed
through a slit in the dura between segments T11-T12 and T12-T13
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Figure 1. Analgesic effect of orexin-A on heat-evoked hyperalgesia.
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APWL results are displayed as mean=SD. In the orexin-A 30 mcg group (open square), data is presented without statistical analysis because the number
was too small. On post-surgical day 10, APWL was significantly decreased as compared with that at pre-surgery in the orexin-A 1 mcg (filled square) and
10 mcg (filled circle) groups. Thirty minutes after intrathecal administration of orexin-A, APWL was nearly 0 in the orexin-A 10 mcg and 30 mcg groups.

The effects continued until 300 minutes after administration.
7: p<0.01 vs. preparation (prep) within a group.
*: p<0.01 vs. after surgery within a group.

and the position of the tubing was verified visually at the end of
each experiment. The experimental protocols were approved by the
institutional animal care committee of the Division of Clinical
Medical Science, Graduate School of Biomedical Sciences,
Hiroshima University, Japan.

The thermal nociceptive threshold was measured using a
device similar to that described by Hargreaves et al. (14). Paw
withdrawal latency (PWL) was measured on both sides with 10-
minute intervals between successive trials. Of the 51 rats, 37
showed ipsilateral PWL that was at least 1 standard deviation
(SD) shorter than the mean PWL in the controls. These were
used as CCI model rats.

An additional group of rats were given an administration of 10
or 30 mcg of orexin-A and used as normal controls.

The CCI model rats were divided into 3 groups according to
the administration of orexin-A, orexin-B, or the vehicle, which
were each given as an intrathecal administration of 1, 10, or 30
mcg (orexin-A), 10 mcg (orexin-B), or 0 mcg (vehicle), with 10
ul saline from 10 to 12 days after the surgery. In the 3 orexin-A
groups, PWL was measured at 30, 40, 50, 60, 120 and 300
minutes. In the orexin-A 10 mcg and orexin-B 10 mcg groups,
PWL was also measured 1, 2 and 3 days following injection. Rats
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who received orexin-A at 10 mcg were measured for PWL at 30,
40 and 50 minutes, then 1 hour after administration they
received an intrathecal administration of orexin-A-antiserum
and on the first and second day following injection were
measured for PWL at 30, 40, 50 and 120 minutes. Orexin-A
antiserum (Peptide Institute, Inc.) (1:500 or 1:5000 dilution) was
given as a bolus in 10 ul, followed by 10 ul of saline to wash the
antiserum. These doses of orexin-A antiserum had been
previously shown to significantly attenuate the orexin-A-induced
pressor response.Differences in PWL (APWL: PWL in CCI side
minus PWL in control side) among groups were analyzed using
a Kruskal-Wallis test, followed by a Mann-Whitney U-test.
Sequential differences in APWL within a group were analyzed
using one-way ANOVA, followed by Fischer’s predicted least
significant difference test. p<0.05 was considered statistically
significant.

Results

All CCI rats showed ipsilateral PWL that was at least 1
standard deviation (SD) shorter than the mean PWL in the
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Table 1. Paw withdrawal latency (PWL).

Baseline POD 7 PTT 30** PTT 40** PTT 50** PTT 60** PTT 120**  PTT 300**

Orexin-A 1 mcg Sham-side  13.7x1.5 13.9+1.0 14.6x2.3 14.1+1.3 14.1x1.9 13.0£2.0 13.3+2.0 14.6%1.0
CClI-side 13.8+1.3 9.0x£1.4* 9.8+1.8* 10.0£0.5*  10.5x1.2* 9.6£2.5* 9.6+1.8* 10.7+1.6*

Orexin-A 10 mcg  Sham-side  12.4%1.1 12.8+2.1 13.2+2.5 12.4%25 10.8+2.0 10.4%+2.0 13.1+2.4 12.7+1.9
CCl-side 11.8+0.9 8.8x1.8* 12.0x2.6 10.9+2.9 10.4%2.3 9.7+£2.2 11.8+£2.2 10.4x22 *

Orexin-A 30 mcg  Sham-side  11.1x1.5 12.1+0.6 12.1x1.6 12929 12.1x1.0 11.8x1.1 14.4+0.5 14.7%0.2

CClI-side 11.2+1.0 7.2%+0.8 11.7+1.1 12.4+1.7 11.5+1.1 11.2+0.3 13.6+0.9 14.6+1.0

Baseline: 1 week before surgery, POD: post-operative day, PTT: post treatment time

*p<0.05 compared with sham side, by Wilcoxon signed-ranks test
** Minutes

Orexin-A 30 mcg group was not subjected to statistical analysis due to the small number (n=3).

Data are shown as mean = SD

Injection

Injection

A Paw withdrawal latency (sec)

-10 L 1 1 1 1 1 1 1 L

il

—O— Vehicle group (n=6)
—@— Orexin-A 10 mcg group (n=6)
—&— Orexin-B 10 mcg group (n=6)

Injection

1 1 1 1 1 | 1 1 | I 1

Prep Post- 30 40 50 60 120 300 /30 40 50 60 120 300 /30 40 50 60 120 300

surgery | J L

First day

Second day Third day (min)

Figure 2. Analgesic effect of orexin or the vehicle on heat-evoked hyperalgesia.
In the orexin-A 10 mcg group (filled circle), APWL was nearly 0 following intrathecal administration and then significantly increased. In the orexin-B 10
mcg (filled triangle) and vehicle (open circle) groups, APWL following intrathecal injection did not significantly change.

1: p<0.01 vs. preparation (prep) within a group.
*: p<0.01 vs. after surgery within a group.
: p<0.05 vs. vehicle group.

normal controls. Orexin-A at 1, 10 and 30 mcg did not
change PWL in the normal rats (data was not shown).
However, orexin-A at 10 and 30 mcg normalized APWL in
the CCI rats, while doses of intrathecal orexin-A greater
than 10 mcg showed an analgesic effect (Figure 1, Table I).
Orexin-A normalized APWL by three-fold from 30 to 120
minutes (Figure 2), however, at 300 minutes after injection,
it caused a reduction of APWL.

There were no significant differences between the orexin-
B and vehicle groups and orexin-B did not inhibit heat-
evoked hyperalgesia (Figure 2).

The first injection of orexin-A normalized APWL, while
orexin-A antiserum, given 1 hour after orexin-A, inhibited
that normalization (Figure 3). Both doses of orexin-A
antiserum, 1:500 and 1:5000, inhibited the normalization of
heat-evoked hyperalgesia by orexin-A two-fold.
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Figure 3. Effects of orexin-A and orexin-A antiserum on heat-evoked hyperalgesia.

7: p<0.01; vs. preparation within a group.
*: p<0.01; vs. after surgery within a group.

Discussion

The present results are the first known to demonstrate the
alleviation of heat-evoked hyperalgesia by orexin-A in CCI
rats, whereas orexin-B had no effect. Orexin-A has been
shown to have an anti-nociceptive effect in thermal and
visceral nociceptive tests using mice and rats, as well as an
anti-hyperalgesic effect in animals with carrageenan-induced
thermal hyperalgesia when given via intravenous and
intracerebral-ventricular routes (7). In another examination,
intrathecal injection of orexin-A, but not orexin-B,
decreased the sum of flinches in phase 1 and 2 in a formalin
test and increased hot plate latency (9).

Peripheral inflammation induced by intra-plantar
injection of carrageenan and formalin are models of
inflammatory pain in animals. Further, experimental CCI of
the sciatic nerve (11) is one of the most widely used models
for the study of neuropathic pain and has been reported to
induce an inflammatory response in the ipsilateral hind paw
(12, 13). We previously reported the usefulness of etodolac,
a cyclooxygenase 2 inhibitor, in the treatment of
neuropathic pain using this model (15).
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Orexin-B is also known to have excitatory effects on
certain superficial dorsal horn neurons, some of which exert
inhibitory influences on other cells in the region; this is
consistent with the idea that orexin has a role in orchestrating
reactions related to arousal, including nociceptive pain and
temperature sense (8). However, in the present experiments,
intrathecal orexin-A suppressed heat-evoked hyperalgesia in
CCI rats, whereas orexin-B did not. Therefore, orexin-B
probably has an insignificant role in the regulation of pain or
nociceptive response in the central nervous system.

In the present study, when an intrathecal administration of
orexin-A-antiserum was used to inhibit the action of orexin-
A, slight but insignificant changes of mean arterial pressure
and heart rate were seen, whereas orexin-A alone
significantly induced a pressor response (16). The present
results also showed that orexin-A antiserum attenuated
orexin-A-mediated heat-evoked hyperalgesia. Although
naloxone had no effect on orexin-A-mediated responses in
mice with carrageenan-induced thermal hyperalgesia and rats
with formalin-induced inflammatory pain, the orexin receptor
antagonist SB-334867 inhibited those responses (7, 9).
Further, pre-treatment with an NMDA antagonist, though
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not a serotonin antagonist, to the trigeminal motor nucleus
abolished the excitatory response of the masseter muscle to
orexin-A application (17). As a result, we suggest that the
anti-nociceptive effect of orexin-A may be related to the
NMDA receptor in CCI rats, without activation of the opiate
or serotonergic systems.

In conclusion, an intrathecal administration of orexin-A
alleviated heat-evoked hyperalgesia in CCI rats, suggesting
that it is applicable for the treatment of neuropathic pain,
whereas orexin-B showed no such protective effect.
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