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Neuropathic pain associated with cancer, diabetic neuropathy, and postherpetic neuralgia is a type of intractable
chronic pain characterized by mechanical allodynia and abnormal pain hypersensitivity evoked by innocuous stimuli.
However, this disorder has no specific treatment. We previously showed that the purinergic receptor P2X4 (P2X4R), a
subtype of ATP-gated nonselective cation channels, is highly upregulated in spinal microglia after peripheral nerve inju-
ry, and blocking the function of P2X4R reverses mechanical allodynia. In the present study, we screened a chemical
library of 1979 clinically approved compounds (a gift from the Drug Discovery Initiative at the University of Tokyo)
aimed at achieving ‘‘Eco-Pharma,’’ which refers to seeking new effects of existing drugs. We demonstrated that duloxe-
tine, a serotonin and noradrenaline reuptake inhibitor, has an inhibitory effect on rat and human P2X4R. In rat primary
cultured microglial cells, duloxetine also inhibited P2X4R-mediated responses. Moreover, intrathecal administration of
duloxetine in a model of neuropathic pain reversed nerve injury-induced mechanical allodynia. Based on those results,
we suggest that the inhibition of P2X4R expressed in microglial cells may be involved in the antiallodynic effect of dulox-
etine in neuropathic pain. Furthermore, in this review, we discuss a new strategy for drug discovery called ‘‘Green Phar-
ma’’ (a merger of ‘“Eco-Pharma’’ and ‘‘Green chemistry’’ and referring to the development of eco-friendly pharmaceu-
ticals) .
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Fig. 1. Comparison of the Effect of Duloxetine and Other
Antidepressants on rat P2X4 Receptors (rP2X4R)

Effect of duloxetine and other antidepressants (30 um) on ATP (10 um)
-induced [Ca2*]; in rP2X4R-1321N1 cells measured by the FDSS7000EX
system. Cells were pretreated with duloxetine and other antidepressants 10
min prior to ATP application.
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Fig. 2. Intrathecal Duloxetine Attenuates Allodynia after Peripheral Nerve Injury (PNI): Possible Involvement of Blocking P2X4R

Function in Microglial Cells

The paw withdrawal threshold (grams) of mechanical stimulation by von Frey filaments was applied to the rat hindpaw after PNI. Duloxetine (20 or 50 ug/20
uL) or vehicle (phosphate-buffered saline, 20 uL) was intrathecally administered to rats on day 7 post-PNI. PCPA (300 mg/kg, i.p.) was administered once a day
for 3 d from day 4 post-PNI, and DSP-4 (50 mg/kg, i.p.) was administered 3 d before PNI (n=5+13, **p<{0.01, ***p<0.001) . Data represent mean+S.E.M.
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Drug-discovery strategy using
approved drugs for “ecology",
“economical" and “the patients".

Eco-Pharma
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Chemically-synthesized technology
focused on the development of
eco-friendly pharmaceuticals.

Green Chemistry
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Fig. 3. Schematic Illustration of Green Pharma
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