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Fig. 1. Effect of repeated intrathecal (i.t.) treatment with a
specific antibody to BDNF on thermal hyperalgesia
induced by nerve ligation in mice. Groups of mice
were repeatedly treated i.t. with a specific BDNF an-
tibody (Anti-BDNF; 1:100) or saline 1 hr prior to sur-
gery (day 0) and once a day for first 7 days after sur-
gery. From day 8 to day 14 after nerve ligation, mice
were not treated with the antibody. Each point repre-
sents the mean = S.E.M. of 7-8 mice. ***p<0.001 vs.
Saline-Sham group, ###p<0.001 vs. Saline-Ligation

group.
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Fig. 2. Effect of K-252a or Ro-32-0432 on the BDNF-induced increase in intracellular Ca® concentration in cultured spinal neu-
rons. (A, B-1 and B-ii) Sequential images of increase in intracellular Ca™ concentration induced by BDNF (1 ng/ml) in
cultured spinal neurons. BDNF at 1 ng/ml was applied by superfusion for 40 s. K-252a (15 and 150 nM) or Ro-32-0432
(1 and 10 u M) was pretreated in cultured spinal neurons 10 min prior to BDNF (1 ng/ml) application. (C) Amplitude
of the BDNF-induced increases in intracellular Ca™ concentration in spinal neurons. K-252a (15 and 150 nM) or Ro-32-
0432 (1 and 10 u M) was pretreated in cultured spinal neurons 10 min prior to BDNF (1 ng/ml) application. Data rep-
resent the mean = S.E.M. of 54-126 cells from three separated observations. ##p<0.01 and ###p<0.001 vs. BDNF-
treated cells.
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Fig. 3. Effects of repeated i.t. treatment with specific antibodies to full-length TrkB (A; Anti-full-length TrkB) and truncated
TrkB (B; Anti-truncated TrkB) on thermal hyperalgesia induced by nerve ligation in mice. Groups of mice were repeat-
edly treated i.t. with these TrkB antibodies (1:100) or saline 1 hr prior to surgery (day 0) and at every assay for 7 con-
secutive days after surgery. Each point represents the mean * S.E.M. of 6 mice. *p<0.05, **p<0.01 and ***p<0.001 vs.
Saline-Sham group, ##p<0.01 and ###p<0.001 vs. Saline-Ligation group.
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Fig. 4. (A) Representative Western blot of full-length TrkB
protein. (B) Changes in membrane-located protein
levels of full-length TrkB on the ipsilateral side of
spinal cords (L4-L6) obtained from sham-operated or
nerve-ligated mice. Groups of mice were repeatedly
treated i.t. with a specific BDNF antibody or saline
just before surgery and once a day for 7 days after
surgery. Samples were prepared 24 hr after the last
i.t. injection. Each column represents the mean =+
S.E.M. for 4 samples. **¥p<0.001 vs. Saline-Sham
group, ###p<0.001 vs. Saline-Ligation group.
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Fig. 5. Increase in the immunoreactivity (IR) to phosphorylated-conventional PKC (p-cPKC) at 7 days after nerve ligation
(B) on the superficial laminae of the ipsilateral dorsal horn of the spinal cord compared to that in sham-operated
(A) mice. Scale bars; 50 um. (C) The density of p-cPKC-like IR in each spinal cord slice was measured using
NIH Image. The level of p-cPKC-like IR in the superficial dorsal horn of the spinal cord in nerve-ligated mice is
expressed as a percent increase (mean * S.E.M.) with respect to that in sham-operated mice. ***p<0.001 vs.
Sham group.
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Fig. 6. Effect of repeated i.t. treatment with the selective PKC inhibitor Ro-32-0432 on thermal hyperalgesia induced by nerve
ligation (A) and CFA injection (B) in mice. Groups of mice were repeatedly treated i.t. with Ro-32-0432 (RO; 0.3 and
1.0 nmol/mouse) or vehicle (VEH) 30 min prior to nerve ligation (A) or CFA injection (B), and once a day for 7 consecu-
tive days after nerve ligation or CFA injection, respectively. Data show the latency of paw withdrawal in response to
a thermal stimulus on the ipsilateral side 7 days after nerve ligation or CFA injection in mice. Each column indicates
the mean = S.E.M. of 6 mice. ***p<0.001 vs. VEH-Sham or VEH-Saline group, ##p<0.01 and ###p<0.001 vs. VEH-
Ligation group. n.s.; not significant.
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Fig. 7. Increase in immunoreactivity (IR) to phosphorylated-PKA (p-PKA) at 7 days after CFA injection (B) in the superficial
laminae of the ipsilateral dorsal horn of the spinal cord compared to that in saline-injected (A) mice. Scale bars; 50 u
m. (C) The density of p-PKA-like IR in each spinal cord slice was measured using NIH Image. The level of p-PKA-like
IR in the superficial dorsal horn of the spinal cord in CFA-injected mice is expressed as a percent increase (mean *
S.E.M.) with respect to that in saline-injected mice. **p<0.01 vs. Saline group.
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Fig. 8. Effect of repeated i.t. treatment with the selective PKA inhibitor KT-5720 on thermal hyperalgesia induced by nerve
ligation (A) and CFA injection (B) in mice. Groups of mice were repeatedly treated i.t. with KT-5720 (10, 30 and 100
pmol/mouse) or vehicle (VEH) 30 min before nerve ligation (A) or CFA injection (B), and once a day for 7 consecutive
days after nerve ligation or CFA injection, respectively. Data show the latency of paw withdrawal in response to a ther-
mal stimulus on the ipsilateral side 7 days after nerve ligation or CFA injection in mice. Each column represents the
mean * S.E.M. of 6 mice. ***p<0.001 vs. VEH-Sham or VEH-Saline group, ###p<0.001 vs. VEH-CFA group. n.s.; not
significant.
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Differential involvement of a spinal nociceptive signaling pathway in neuropathic and inflammatory
pain-like states in mice

Yoshinori YAJIMA

Department of Toxicology, Hoshi University, School of Pharmacy and Pharmaceutical Sciences

Neuropathic pain, which is characterized by spontaneous burning pain, hyperalgesia (exaggerated pain in response to
painful stimuli) and allodynia (pain caused by normally innocuous stimuli), is the most difficult pain to manage in the pain
clinic, because the pain is often refractory to general analgesics such as non-steroidal anti-inflammatory drugs and morphine,
which are usually used for inflammatory pain. Therefore, there seems to be differences in the mechanisms of pain processing
between neuropathic and inflammatory pain. However, the respective detailed mechanisms are not fully understood. The pre-
sent study was then undertaken to investigate the differences in the mechanisms of pain processing between neuropathic and
inflammatory pain using behavioral, biochemical and immunchistochemical approaches. The present findings demonstrated
that the activation of a brain-derived neurotrophic factor/full-length TrkB/protein kinase C-mediated signaling pathway in the
spinal cord might be responsible for the development of a neuropathic pain-like state. In contrast, the activation of protein
kinase A in the spinal cord may predominantly contribute to the development of an inflammatory pain-like state in mice. Con-
clusively, these findings provide evidence that there are different mechanisms of pain processing in the spinal cord between
neuropathic and inflammatory pain-like states.



