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Figure 4 Effect of prophylactic platelet-activating factor (PAF) antagonists or spinal PAF receptor knockdown on the development of partial sciatic nerve
ligation induced tactile allodynia in mice. Tactile allodynia was assessed in mice using von Frey hairs on the ipsilateral paws. PAF antagonists were
administered i.v. 30 min before nerve ligation. Control mice received injections with a vehicle: saline or 25% 2-hydroxypropyl-B-cyclodextrin (cyclodextrin)
(A). SIRNA or mutant siRNA of PAF receptor (PAF-R) mRNA were transfected into the spinal cord 3 days and 1 h before surgery (B). Data are expressed as
the mean * standard error of the mean (n = 6-9 mice per group). *p < 0.05 compared with the corresponding control {vehicle (saline) injection) values,
as determined by analysis of variance followed by Dunnett's Multiple Comparison Test. tp < 0.01 compared with the corresponding control (vehicle
(cyclodextrin) or mutant siRNA injection) values, as determined by analysis of variance followed by an unpaired t-test.

by the following analysis. Intrathecal PAF caused allo-
dynia dose-dependently from 0.001 pg and the
response reached a maximum at 0.03 pg (Fig. 5B).
When TCV-809 (0.1 mg/kg, i.v.) was pretreated
20 min before PAF injection, the dose-response curve
of PAF parallel shifted to the right and the maximum
response was obtained at 1000 pg (Fig. 5B). However,
when TCV-309 was pretreated at 3 days before the
injection of PAFE increasing the dose of PAF up to 1000
pg did not overcome the decreased response. These
results suggest that TCV-309 inhibits PAF-induced
allodynia in a competitive manner at shortly after the
injection of TCV-309 and in a non-competitive
manner later.

4. Discussion

The present study showed that PAF antagonists, TCV-
309, BN 50739 and WEB 2086 by i.v. or p.o. all have
a potent anti-allodynia action in partial sciatic nerve
ligation injury, partial infraorbital nerve ligation,
chronic constriction of the infraorbital nerve injury
and STZ-induced diabetes in mice. Therefore, PAF
antagonists might be promising molecules for the
treatment of chronic neuropathic pain. However, the
possibility should always be considered that PAF
antagonists might produce side effects by interfering
with the physiological roles of PAFE such as regulation
of the blood pressure, immunological or inflammatory
responses, Ca’* mobilization in polymorphonuclear
leukocyte, or implantation of embryos, as shown by
the creation of PAF receptor-transgenic and PAF
receptor-deficient mice (Honda et al., 2002).

In a phase II clinical study in septic patients TCV-
309, 1 mg/kg, twice daily, intravenously for 14 days
has been shown to achieve a substantial reduction in
organ dysfunction and morbidity, frequently associ-
ated with septic shock, and without significant adverse
events, although it did not change the overall mortal-
ity due to septic shock (Froon et al., 1996; Poeze et al.,
2000). In considering the clinical treatment of neur-
opathy by PAF antagonists, it is valuable that TCV-309
was effective against neuropathic pain caused by dif-
ferent pathologies, at low doses (EDs: 1.5~10.8 png/kg,
i.v. and EDsp: 16~110 ug/kg, p.o.), and the effect was
constant with repeated administration. Other antago-
nists also showed a similar profile of anti-allodynia
effects. It is particularly remarkable that the anti-
allodynia action of PAF antagonists lasted as long as
5-7 days by single i.v. injection of them comparing to
the transient effect of gabapentin in partial sciatic
nerve ligation injury model.

Amelioration of allodynia in nerve injury mice by
i.t. injection of PAF antagonists and knockdown of
spinal PAF receptors by PAF receptor siRNA suggests
the involvement of a spinal action site for PAF antago-
nists. Inhibitory glycinergic neurons and GlyRs are
abundant in the dorsal horn, where they play an
important role in the prevention of pathological pain
symptoms. Recent studies have emphasized that dys-
function of inhibitory neuronal regulation of pain
signal transduction may be relevant to the develop-
ment of neuropathic pain. Actually, significant disin-
hibition following alteration in glycine-mediated
inhibition may occur after peripheral nerve injury
(Dohi etal.,, 2009). Cyclic AMP-dependent protein
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Figure 5 Mode of anti-allodynia action of TCV-309. (A) Time-course of
anti-allodynia effects of intravenous injection of TCV-309 (0.1 mg/kg)
30 min after intrathecal injection with various doses of platelet-activating
“factor (PAF); (4; 0.1 ng + vehicle), (V; 1 ng + vehicle), (0; 0.1 ng+ TCV-
309), (O; 1 ng+TCV-309), (O; 10 ng+ TCV-309) on tactile allodynia.
Tactile allodynia was assessed by lightly stroking the flank of each mouse
with a paintbrush on both sides of the leg. The score for each mouse was
obtained from the average of score from both side trials. Values represent
the allodynia score evaluated at each time point as the mean * standard
error of the mean (SEM) (n=8-10 mice per group). (B) Time-dependent
effects of intravenous injection of TCV-309 (0.1 mg/kg) on tactile allodynia
induced by intrathecal injection with various doses of PAF. Tactile allo-
dynia induced by PAF (0.01-1000 pg, i.t.) in mice treated with TCV-309
(0.3 mgrkg i.v.) or a vehicle at 30 min and 3 days after the injection. Each
point represents the percent of the maximal possible cumulative score
over 60 min evaluated every 5 min as the mean = SEM (n =7-13 mice
per group). Control mice received injections with a vehicle: isotonic saline.
Tactile allodynia induced by intrathecal injection with various doses of PAF
in mice was not affected by vehicle treatment.

kinase phosphorylates and inhibits a specific subtype
of GlyR, GlyRo3, which is distinctly expressed in the
superficial dorsal horn and normally controls the
excitability of neurons (Ahmadi et al., 2002; Gao and
Ji, 2010). This mechanism mediates the central sensi-
tization of inflammatory pain by prostaglandin E,
through activation of EP, receptors and adenylate
cyclase (Ahmadi et al.,, 2002; Racz et al., 2005; Hosl
et al.,, 2006; Gao and Ji, 2010). An increase in the
NO/cyclic GMP cascade reduces GlyRa3 function in
the spinal cord is involved in the hyperalgesia and
allodynia induced by PAF (Morita et al., 2008a). TCV-
309 at an adequate dose to produce anti-allodynia in
partial sciatic nerve ligation mice failed to ameliorate
the allodynia in mice transfected with GlyRoa3 siRNA
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by siRNA for GlyRe3-mRNA in injured mice. This
suggests that PAF antagonists may relieve PAF-
induced reduction of GlyRa3-mediated inhibitory
control of pain signal transduction in the spinal cord.

We have previously reported that GlyT inhibitors,
by enhancing spinal glycinergic inhibition, produced
an anti-allodynia action (Morita et al., 2008b) and
thus proposed that GlyTs are a target for drug discov-
ery for neuropathic pain (Dohi et al., 2009). However,
GlyTs inhibitors lack an inhibitory effect on allodynia
in the early stage of allodynia development after nerve
injury (for 3 to 4 days after surgery), while they pro-
duced a long-lasting anti-allodynia action against
established allodynia. On the contrary, knockdown of
spinal GlyRa.3 by GlyRa:3 siRNA blocked the initiation
of allodynia only during the first 3 days post surgery.
This reversed effect of GlyT inhibition on neuropathic
pain can be explained by the hypothesis that a reduc-
tion in the chloride gradient across the neuronal mem-
brane, which in turn leads to reduction of the anion
reversal potential, occurs in neurons of lamina I of the
superficial dorsal horn following peripheral nerve
injury (Coull et al., 2003), and the change in driving
force means that glycine receptor-mediated input pro-
duces less hyperpolarization and could even paradoxi-
cally depolarize the neuron, while microglia and
neuron interaction via brain-derived neurotrophic
factor (Coull et al., 2005) may contribute to the phase-
dependent anti-allodynia effect of GlyT inhibitors.
According to these events, PAF antagonists, if their
action is due solely to mediation by activation of
GlyRa3, may also be expected to lose their inhibitory
action in the early stage of allodynia induced by nerve
injury. However, pretreatment with PAF antagonists
or siRNA of PAF receptor mRNA before surgery inhib-
ited the initiation of allodynia responses. This result
suggests that the anti-allodynia effect of PAF antago-
nists in the early stage of allodynia development may
be due to a different mechanism from relief from PAF-
induced disinhibition of GlyRa3.

Another remarkable aspect of PAF antagonist-
induced anti-allodynia action is its long-lasting effect.
To clarify the mechanism behind the long action of
PAF antagonists, the mode of action of TCV-309
against PAF-induced allodynia was investigated. In
vivo analysis revealed a unique mode of action of TCV-
309; the potency of TCV-309 intensified as a function
of time after the administration, and the mode of
action changed from a competitive manner in the
early period after the injection of TCV-309 and to a
non-competitive manner in the later period. TCV-309
is a specific competitive inhibitor of PAF receptors with
no partial agonistic activity (Terashita et al., 1992) and
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this explains the competitive mode of action in the
early phase. Next, the intensification of the anti-
allodynia potency of TCV-309 and change in its mode
of action to a non-competitive manner led us to specu-
late about the different mechanism of action; such as
down-regulation of PAF receptors by binding TCV-309
to PAF receptors. The decrease in surface expression of
PAF receptors by TCV-309 in the plasma membrane of
microglia isolated from the mouse spinal cord accord-
ing to the incubation time with TCV-309 (unpublished
observation) may support this idea. Further studies
would be required to explain the long-lasting action of
PAF antagonists by this speculation. To assess another
possibility regarding whether PAF antagonists remain
in the target tissue during their effective period, phar-
macokinetic analysis of the compounds remains to be
carried out.
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