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Role of Peripheral Glutamate Receptors to Mechanical Hyperalgesia
following Nerve Injury or Antidromic Stimulation of L5 Spinal Nerve
in Rats with the Previous L5 Dorsal Rhizotomy

Jun Ho Jang, Ph.D."*, Taick Sang Nam, M.D., Ph.D."**, Duck Mi Yoon, M.D., Ph.D.>,
Joong Woo Leem, Ph.D."**, and Gwang Se Paik, M.D., Ph.D."?

Departments of 'Physiology and *Anesthesiology & Pain Medicine, *Brain Research Institute, and ‘Brain Korea 21
Project for Medical Science, Yonsei University College of Medicine, Seoul, Korea

Background: Peripheral nerve injury leads to neuropathic pain, including mechanical hyperalgesia (MH). Nerve discharges
produced by an injury to the primary afferents cause the release of glutamate from both central and peripheral terminals.
While the role of centrally released glutamate in MH has been well studied, relatively little is known about its peripheral
role. This study was carried out to determine if the peripherally conducting nerve impulses and peripheral glutamate recep-
tors contribute to the generation of neuropathic pain.

Methods: Rats that had previously received a left LS dorsal rhizotomy were subjected to a spinal nerve lesion (SNL) or
brief electrical stimulation (ES, 4 Hz pulses for 5 min) of the left L5 spinal nerve. The paw withdrawal threshold (PWT)
to von Frey filaments was measured. The effects of an intraplantar (i.pl.) injection of a glutamate receptor (GIuR) antagonist
or agonist on the changes in the SNL- or ES-produced PWT was investigated.

Results: SNL produced MH, as evidenced by decrease in the PWT, which lasted for more than 42 days. ES also pro-
duced MH lasting for 7 days. MK-801 (NMDAR antagonist), DL-AP3 (group-I mGluR antagonist), and APDC (group-II
mGIuR agonist) delayed the onset of MH when an i.pl. injection was given before SNL. The same application blocked the
onset of ES-induced MH. NBQX (AMPA receptor antagonist) had no effect on either the SNL- or ES-induced onset of MH.
When drugs were given after SNL or ES, MK-801 reversed the MH, whereas NBQX, DL-AP3, and APDC had no effect.

Conclusions:  Peripherally conducting impulses play an important role in the generation of neuropathic pain, which is
mediated by the peripheral glutamate receptors. (Korean J Pain 2006; 19: 33-44)

Key Words: electrical stimulation, glutamate, injury discharge, nerve injury, neuropathic pain.
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Fig. 1. Time course of changes in paw withdrawal threshold
(PWT) in rats that received a spinal nerve lesion (SNL) following
dorsal rhizotomy (DR). Unilateral lumbar 5 (L5) DR caused PWT
of the affected hind paw to decrease transiently and return to
pre-DR baseline on day 6 post-DR. After ipsilateral L5 SNL,
performed by L5 spinal nerve ligation-and-cut, PWT dropped
rapidly and was maintained at low levels up to day 42 post-SNL
(closed circles). P, pre-DR values; D, days after DR. *,* and *,
respectively, indicate significantly different from the pre-SNL base-
line (P < 0.05, Friedman ANOVA, followed by Wilcoxon signed-
rank test) and from contralateral hind paws (open circles) or
sham-operated animals (open triangles) (P < 0.05, Kruskal-Wallis
ANOVA, followed by Mann-Whitney rank-sum test).
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Fig. 2. Time course of changes in paw withdrawal threshold
(PWT) in rats that received a electrical stimulation (ES) of spinal
nerve following dorsal rhizotomy (DR). Unilateral lumbar 5 (L5)
DR caused PWT of the affected hind paw to decrease transiently
and return to pre-DR baseline on day 6 post-DR. After ipsilateral
L5 ES, PWT dropped rapidly and was maintained at low levels
up to day 7 post-ES (closed circles). P, pre-DR values; D, days
after DR. *,* and ", respectively, indicate significantly different
from the pre-ES baseline (P < 0.05, Friedman ANOVA, followed
by Wilcoxon signed-rank test) and from contralateral hind paws
(open circles) or sham-operated animals (open triangles) (P <
0.05, Kruskal-Wallis ANOVA, followed by Mann-Whitney rank-

sum test).
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Fig. 3. Effects of MK-801 or NBQX pre-treatment in the periphery on lumbar 5 (L5) spinal nerve lesion (SNL)-induced paw withdrawal
threshold (PWT) reduction. (A) An intraplantar injection of MK-801 given before L5 SNL into the affected hind paw (closed circles)
resulted in increased PWTs compared with animals treated with PBS-vehicle (open triangles) or with MK-801 in the contralateral hind
paw (open circles), as indicated by * or *, respectively (P < 0.05, Kruskal-Wallis ANOVA, followed by Mann-Whitney rank-sum test).
(B) The PWTs of animals treated with NBQX before L5 SNL in the affected hind paw (closed rectangles) were similar to those of
animals treated with PBS-vehicle (open triangles) or with NBQX in the contralateral hind paw (open rectangles). P: pre-dorsal rhizotomy

(DR) values, D: days after DR, i.pl.: intraplantar.
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Fig. 4. Effects of DL-AP3 or APDC pre-treatment in the periphery on lumbar 5 (L5) spinal nerve lesion (SNL)-induced paw withdrawal
threshold (PWT) reduction. (A) Animals that received an intraplantar injection of DL-AP3 before L5 SNL into the affected hind paw
(closed diamonds) displayed higher PWTs than those treated with NaOH-vehicle (open triangles) or with DL-AP3 in the contralateral hind
*, respectively. (B) Animals treated with APDC before L5 SNL in the affected hind paw
(closed hexagons) produced higher PWTs than animals treated with NaOH-vehicle (open triangles) or with APDC in the contralateral hind

paw (open diamonds), as indicated by * or

paw (open hexagons), as indicated by * or

+ . +
, respectively. * and = :

P < o0

05, Kruskal-Wallis ANOVA, followed by Mann-Whitney

rank-sum test. P: pre-dorsal rhizotomy (DR) values, D: days after DR, i.pl.: intraplantar.
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Fig. 5. Effects of MK-801 or NBQX post-treatment in the periphery on lumbar 5 (L5) spinal nerve lesion (SNL)-induced paw withdrawal
threshold (PWT) reduction. The left hand side of each graph shows changes in the PWTs of the three groups of animals that received L5
SNL following L5 dorsal rhizotomy (DR). (A) An intraplantar injection of MK-801 given on day 10 post-SNL into the affected hind paw
produced a higher PWT than a PBS-vehicle injection into the affected hind paw or an MK-801 injection into the contralateral hind paw,
T, respectively (P < 0.05, Kruskal-Wallis ANOVA, followed by Mann-Whitney rank-sum test). (B) No PWT
difference was observed between animals treated with NBQX on day 10 post-SNL in the affected hind paw and animals treated with
PBS-vehicle or with NBQX in the contralateral hind paw. Symbols are as described in Fig. 3. P: pre-DR values, D: days after DR, S:
days after SNL, i.pl.: intraplantar.
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Fig. 6. Effects of DL-AP3 or APDC post-treatment in the periphery on lumbar 5 (L5) spinal nerve lesion (SNL)-induced paw withdrawal
threshold (PWT) reduction. Changes in the PWTs of the three groups of animals that received L5 SNL following L5 dorsal rhizotomy
(DR) are shown on the left hand side of each graph. (A) An intraplantar injection of DL-AP3 on day 10 post-SNL into the affected hind
paw resulted in no PWT differences compared with animals treated with NaOH-vehicle or with DL-AP3 in the contralateral hind paw.
(B) No PWT differences were observed between animals treated with APDC on day 10 post-SNL in the affected hind paw and those
treated with NaOH-vehicle or with APDC in the contralateral hind paw. Symbols are as described in Fig. 4. P: pre-DR values, D: days
after DR, S: days after SNL, i.pl.: intraplantar.
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Fig. 7. Effects of MK-801 or NBQX pre-treatment in the periphery on lumbar 5 (L5) electrical stimulation (ES)-induced paw withdrawal
threshold (PWT) reduction. (A) An intraplantar injection of MK-801 given before L5 ES into the affected hind paw (closed circles)
resulted in increased PWTs compared with animals treated with PBS-vehicle (open triangles), as indicated by asterisks (P < 0.05,
Kruskal-Wallis ANOVA, followed by Mann-Whitney rank-sum test). (B) The PWTs of animals treated with NBQX before L5 ES in the
affected hind paw (closed rectangles) were similar to those of animals treated with PBS-vehicle (open triangles). P: pre-dorsal rhizotomy
(DR) values, D: days after DR, i.pl.: intraplantar.
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Fig. 8. Effects of DL-AP3 or APDC pre-treatment in the periphery on lumbar 5 (L5) electrical stimulation (ES)-induced paw withdrawal
threshold (PWT) reduction. (A) Animals that received an intraplantar injection of DL-AP3 before L5 ES into the affected hind paw (closed
diamonds) displayed higher PWTs than those treated with PBS-vehicle (open triangles), as indicated by asterisks. (B) Animals treated with
APDC before L5 ES in the affected hind paw (closed hexagons) produced higher PWTs than animals treated with NaOH-vehicle (open
triangles), as indicated by asterisks (P < 0.05, Kruskal-Wallis ANOVA, followed by Mann-Whitney rank-sum test). P: pre-dorsal
rhizotomy (DR) values, D: days after DR, i.pl.: intraplantar.
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Fig. 9. Effects of MK-801 or NBQX post-treatment in the periphery on lumbar 5 (L5) electrical stimulation (ES)-induced paw withdrawal
threshold (PWT) reduction. The left hand side of each graph shows changes in the PWTs of the two groups of animals that received L5
ES following L5 dorsal rhizotomy (DR). (A) An intraplantar injection of MK-801 given on day 3 post-ES into the affected hind paw
produced a higher PWT than a PBS-vehicle injection into the affected hind paw, as indicated by asterisks (P < 0.05, Kruskal-Wallis
ANOVA, followed by Mann-Whitney rank-sum test). (B) No PWT difference was observed between animals treated with NBQX on day
3 post-ES in the affected hind paw and animals treated with PBS-vehicle. Symbols are as described in Fig. 7. P: pre-DR values, D: days
after DR, E: days after ES, i.pl.: intraplantar.
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Fig. 10. Effects of DL-AP3 or APDC post-treatment in the periphery on lumbar 5 (L5) electrical stimulation (ES)-induced paw withdrawal
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are shown on the left hand side of each graph. (A) An intraplantar injection of DL-AP3 on day 3 post-ES into the affected hind paw
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animals treated with APDC on day 3 post-ES in the affected hind paw and those treated with NaOH-vehicle. Symbols are as described in
Fig. 8. P: pre-DR values, D: days after DR, E: days after ES, i.pl.: intraplantar.
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