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Purpose: Riluzole – a major therapeutic medicine for patients with amyotrophic lateral 

sclerosis – reportedly has anti-nociceptive and anti-allodynic efficacies in neuropathic pain 

models. However, little is known about its effect on neurotransmission in the spinal superficial 

dorsal horn (SDH). The present study aims to investigate the effects of riluzole on the synaptic 

transmission of SDH nociceptive pathways in both physiological and pathological conditions.

Materials and methods: Spinal nerve ligation was used to produce a neuropathic pain model. 

Mechanical allodynia behavior was assessed with Von Frey filaments. Riluzole’s effects on 

nociceptive synaptic transmission under both physiological and pathological conditions were 

examined by patch-clamp recordings in rat SDH neurons.

Results: The principal findings of the present study are three-fold. First, we affirm that riluzole 

has a remarkable long-lasting analgesic effect on both in vitro and in vivo pathological pain 

models. Second, the prolonged inhibitory effects of riluzole on spinal nociceptive signaling 

are mediated by both presynaptic and postsynaptic mechanisms. Finally, endocytosis of post-

synaptic GluR2 contributes to the riluzole-induced long-term depression (LTD) of the spinal 

nociceptive pathway.

Conclusion: The present study finds that riluzole induces LTD of nociceptive signaling in 

the SDH and produces long-lasting anti-allodynia effects in nerve injury-induced neuropathic 

pain conditions via postsynaptic AMPA receptors associated with the endocytosis of GluR2.

Keywords: riluzole, neuropathic pain, superficial dorsal horn, SSDH, long-term depression, 

LTD, AMPA receptor endocytosis

Introduction
The spinal superficial dorsal horn (SDH) is involved in the transmission and modulation 

of primary nociceptive inputs.1–3 It is well-known that peripheral nerve injury impairs 

the balance between inhibitory and excitatory synaptic functions in the SDH, leading 

to the induction and maintenance of neuropathic pain.4 Unfortunately, effective treat-

ment options for patients with neuropathic pain are few.

Riluzole is a unique neuroprotective drug for treating amyotrophic lateral sclerosis 

(ALS).5,6 In addition, the neuroprotective effects of riluzole have been reported in 

spinal cord injury7,8 and neurodegenerative disorders.9,10 Riluzole has demonstrated 

remarkable antinociceptive effects in neuropathic pain animal models.6,11–13 In a spinal 

cord injury animal study, riluzole that was injected into the locus coeruleus increased 

the thermal paw withdrawal latency and the paw mechanical withdrawal threshold.14

Riluzole reportedly has an analgesic effect on neuropathic pain, but little is known 

about its effect on synaptic transmission in the spinal SDH. The current experiments 
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aimed to explore the actions of riluzole on synaptic transmis-

sion in the SDH. Our findings indicated that riluzole inhib-

ited excitatory synaptic transmission in the SDH via both 

presynaptic and postsynaptic mechanisms. We further found 

that riluzole induced long-term depression (LTD) of synaptic 

transmission from primary Aδ and C fibers to SDH neurons 

via altered efficiency of postsynaptic α-amino-3-hydroxy-5-

methyl-4-isoxazolepropionic acid (AMPA) receptors.

Materials and methods
animals
Male Sprague Dawley rats (21–35 days old) used in the 

experiments were obtained from the Animal Center of the 

Fourth Military Medical University. All animal experiments 

were conducted according to the recommendations of IASP 

and the NIH Guide for the Care and Use of Laboratory 

Animals. All animal procedures were approved by the Eth-

ics Committee for Animal Experimentation of the Fourth 

Military Medical University (Xi’an, China). The animals 

were raised in a temperature-controlled room with controlled 

lighting (06:00–18:00) and supplied with laboratory chow 

and water.

Preparation of spinal cord slices
Rats were anesthetized by intraperitoneal (i.p.) injection of 

pentobarbital (40–60 mg/kg) and perfused with sucrose-

substituted artificial cerebral spinal fluid (sucrose ACSF; 

75.00 mM sucrose; 80.0 mM NaCl; 2.50 mM KCl; 2.50 

mM CaCl
2
; 1.20 mM MgCl

2
; 1.25 mM NaH

2
PO

4
; 25.00 

mM NaHCO
3
; 1.30 mM ascorbate; and 3.00 mM pyruvate, 

aerated with 95% O
2
 and 5% CO

2
 for 30 minutes and stored 

at 4°C) for 2 minutes through the aorta after exposing the 

apex cordis. The lumbar segment was dissected and fixed in 

sucrose ACSF quickly. The parasagittal spinal slice (450–500 

µm thick) with an attached dorsal root (0.8–1.0 cm long) 

was cut with a vibrating microtome and was incubated with 

Glucose ACSF (125.00 mM NaCl; 2.50 mM KCl; 2.00 mM 

CaCl
2
; 1.00 mM MgCl

2
; 1.25 mM NaH

2
PO

4
; 26.00 mM 

NaHCO
3
; 25.00 mM d-glucose; 1.30 mM ascorbate; and 3.00 

mM pyruvate, aerated with 95% O
2
 and 5% CO

2
) at room 

temperature (22°C–25°C, 35 mL/min).15

electrophysiological recordings
The procedures for patch-clamp recordings have been previ-

ously documented.15 Current- or voltage-clamp recordings 

were made from neurons in lamina II of the SDH with patch-

pipette electrodes (5–10 MΩ), using an Axon 200B amplifier 

at room temperature (25°C). The composition of the pipette 

solution was described in a previously published article.15 The 

Digidata 1,200 interface and pCLAMP 10 software (Axon 

Instruments) were used to acquire and analyze the data. The 

holding potentials (HPs) were set at −70 mV in voltage clamp 

mode to preserve pure excitatory postsynaptic currents or 

clamped at −50 mV in current clamp mode to reveal mixed 

excitatory and inhibitory synaptic events.

A suction electrode was utilized to irritate the dorsal 

root (DR, 6–10 mm long) to evoke excitatory postsynap-

tic currents (eEPSCs) or potentials (eEPSPs) in lamina II 

neurons. Repetitive DR stimulation (20 Hz for A fiber, 1 

Hz for C fiber) was used to distinguish monosynaptic or 

polysynaptic eEPSC(P)s. Monosynaptic eEPSC(P)s typi-

cally had constant latencies without synaptic failure.16,17 A 

combination of response threshold and conduction velocity 

was used to determine the classification of Aδ and C fibers 

mediating the synaptic responses.15 The average amplitude 

of 20 eEPSC(P)s acquired before, during, and after drug 

application was compared. Miniature EPSCs (mEPSCs) were 

analyzed with Mini-Analysis 5.0 to compare the cumulative 

probability of mEPSC amplitude and inter-event intervals.

Drug-evoked membrane currents were recorded in the 

gap-free mode. The slices were perfused with glutamate 

(Glu; 100 µM), AMPA (100 µM), gamma-Aminobutyric acid 

(GABA; 3 µM), and glycine (Gly; 30 µM), respectively, to 

induce the membrane current, and were then washed with 

ACSF. The membrane currents evoked by Glu, AMPA, 

GABA, and Gly were recorded again during the perfusion 

with riluzole (50 µM, 2 minutes).

We used an in vitro hyperexcitability model in which a 

mixture of Gly receptor antagonist strychnine (2 µM) and 

GABAA receptor antagonist bicuculline (20 µM) was per-

fused onto the slices to assess the effect of riluzole under the 

experimental pathological conditions.

Western blotting
Adult male Sprague Dawley rats (180–220 g) were deeply 

narcotized by an i.p. injection of pentobarbital (40–60 mg/

kg), and the chest was exposed to intubate the left ventricle 

to the aorta. The right atrium was cut and opened. Rapid 

perfusion with 100 mL 4°C sucrose ACSF rinsed the blood 

through the aorta. Fresh tissue samples from the L5 spinal 

cord dorsal horns were removed as quickly as possible at 

low temperature. We extracted spinal cord complete protein 

according to the steps defined in the Millipore membrane 

protein extraction kit manual by using a low-temperature 

homogenizer and boiled the sample for 10 minutes. A bicin-

choninic acid protein quantification kit was used to determine 

the protein concentration. Protein samples (15 µg) were 

separated on an SDS–PAGE gel (12.5%) and transferred to 
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polyvinylidene difluoride filters. Then they were blocked 

with 5% tris-buffered saline with tween (TBST) skim milk 

for 1 hour and incubated overnight at 4°C with a rabbit 

anti-GluR2 primary antibody (1:1,000; Millipore, Billerica, 

MA, USA) and a mouse anti-N-cadherin TBST antibody 

(1:4,000; Millipore), and then rinsed three times (5 minutes 

each time) with TBST. The blots were incubated for 1 hour 

at room temperature with the pertinent secondary antibody 

horseradish peroxidase-conjugated anti-rabbit IgG (1:20,000; 

Zhongshan Jinqiao Biotechnology Co, Beijing, China), and 

photographed with a gel imaging analysis system (Alpha 

Innotech, FluorChem, FC2); thereafter, the protein bands 

were analyzed.

spinal nerve ligation model
Rats were anesthetized with pentobarbital. The lumbar 5 

(L5) spinal nerve ligation (SNL) was conducted as previ-

ously described.15,18,19 In brief, the L5 nerve was isolated after 

removal of the spinal transverse process. Subsequently, the 

L5 nerve was tightly ligated with 5–0 silk thread twice at 0.3-

cm intervals. Then, the incision was sutured layer by layer. 

After the surgery, all animals were transmitted to a feeding 

room, where they were closely monitored to recover from 

the operation. Control surgery followed the same procedure 

except for the ligation of the L5 spinal nerve.

assessment of mechanical allodynia 
behavior
Following the double-blind principle, behavioral tests were 

conducted by a blinded observer. Rats were adapted to the 

testing environment for three successive days before the 

surgery. The behavior tests were conducted in a quiet room 

(23±1)°C from 9:00 am to 12:00 am.

The incidence of foot withdrawal evoked by mechanical 

stimulation to the hind-foot plantar surface by Von Frey fila-

ments (2–17.0 g; North Coast Medical, Inc.) was recorded 

to determine the paw withdrawal mechanical threshold 

(PWMT).20 Briefly, animals were housed in a diaphanous 

plastic box (30×30×30 cm) with a metal mesh bottom. After 

15 minutes of acclimatization, a filament was applied through 

the mesh to the hind-foot plantar surface. The stimulation 

lasted for 2–3 seconds, repeated at 15-second intervals. 

The percentage of foot withdrawal in ten stimulations was 

recorded.

Pharmacological administration
The drugs applied in this experiment were riluzole, bicucul-

line, strychnine, Glu, AMPA, GABA, Gly, and Tat-GluR2. All 

compounds were purchased from Sigma, except GABA which 

was procured from Tocris Cookson. Riluzole was  dissolved in 

dimethyl sulfoxide (DMSO) for preservation. SNL rats were 

given i.p. injection of riluzole (12 mg/kg) or vehicle (DMSO 

in 0.9% saline 2 mL) at 5 days post SNL surgery.

statistical analysis
The data obtained were recorded as mean ± SEM. Paired 

t-tests, non-paired t-tests, K–S tests, or one-way AVOVA 

were used to test the changes of values for the verification of 

significance. Unpaired Student’s t-test or repeated-measures 

ANOVA followed by post hoc Bonferroni tests were used to 

analyze the behavioral data. P-values <0.05 were considered 

statistically significant.

Results
Riluzole inhibits excitatory synaptic 
activities in sDh by both presynaptic and 
postsynaptic mechanisms
The spinal SDH plays an important role in pain modulation, 

in which primary sensory inputs are received, integrated, 

and ascended to higher brain regions.1–3 We first tested the 

actions of riluzole on excitatory synaptic inputs to neurons 

in lamina II from C and Aδ fibers. As shown in Figure 1A, 

DR stimulation evoked a reproducible monosynaptic eEPSC 

in the lamina II neurons recorded (n=89). The conduction 

velocity (CV) of the primary input fibers responsible for the 

monosynaptic responses varied from 0.3 to 2.2 m/s – within 

the limits of CV of Aδ (1.5–2.2 m/s) and C (0.3–0.5 m/s) 

fibers.21 Riluzole was bath-applied by superfusion for 30 

seconds at different concentrations (10–500 µM). The ampli-

tude of both C and Aδ fiber-evoked monosynaptic eEPSCs 

were significantly decreased by riluzole. Compared with the 

control, superfusion of 10, 20, 50, 100, and 500 µM riluzole 

decreased the amplitudes to 82.85%±7.53% (P<0.05, n=6), 

73.6%±7.95% (P<0.05, n=6), 57.36%±6.61% (P<0.001, 

n=6), 50.35%±6.53% (P<0.001, n=6), and 40.23%±10.78% 

(P<0.001, n=4), respectively (Figure 1B). The IC
50

 was 

calculated as 24.09 µM (Figure 1C). Notably, the inhibitory 

effect of riluzole irreversibly lasted for at least 60 minutes 

and throughout the entire observation period (Figure 2). 

Furthermore, the effect of riluzole on the miniature EPSCs 

(mEPSCs) was tested in lamina II neurons. As seen in Fig-

ure 3, both the amplitude and frequency of mEPSCs were 

reduced by 50 µM riluzole (P<0.05, n=8). The above experi-

ments suggest that riluzole effectively inhibited excitatory 

synaptic transmission from primary C and Aδ afferent fibers 

to certain spinal lamina II neurons via both presynaptic and 

postsynaptic mechanisms.
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Riluzole exerts a potent and long-lasting 
analgesic effect in models of pathological 
pain
It is well-accepted that a disruption of the balance between 

inhibitory and excitatory synaptic activities in the SDH con-

tributes to neuropathic pain.4,15,22–24 To test the effect of rilu-

zole on network hyperexcitability in pathological conditions, 

we created an in vitro disinhibition model in spinal slices by 

bath application of a mixture of bicuculline and strychnine – 

GABAA and Gly receptor antagonists. When HPs were set at 

−50 mV in current clamp mode, stimulation to the DR pro-

duced a biphasic response, polysynaptic inhibitory postsyn-

aptic potentials (IPSPs), and monosynaptic C- fiber-mediated 

EPSPs in certain lamina II neurons (8/20, Figure 4A). The 

amplitudes of the EPSPs were relatively small, because they 

were masked by the IPSPs. The application of bicuculline 

(2 µM) and strychnine (20 µM) successfully blocked the 

IPSPs and generated long-lasting repetitive action potentials 

(6/6, Figure 4B). Using this mimicked pathological disinhibi-

tion model, we found that riluzole (50 µM) totally suppressed 

bicuculline- and strychnine-induced action potentials in all 

neurons tested (6/6, Figure 4C).

Using the well-established L5 SNL model, we next tested 

the actions of riluzole on nerve injury-induced pathological 

pain behaviors. Consistent with previous studies,6,13,25–29 

we found that a single i.p. injection of riluzole (12 mg/kg) 

5 days postoperatively produced pronounced and long-

lasting anti-allodynia effects (P<0.001, n=6, Figure 5A). The 

50% mechanical withdrawal thresholds were significantly 

increased as early as 3 hours post the riluzole injection. 

Notably, the analgesic effect persisted for at least 14 days 

(Figure 5B). These results, which were obtained both in vivo 

and in vitro, collectively suggested that riluzole had a potent 

and long-lasting analgesic effect in pathological conditions.

Postsynaptic aMPa receptors are 
critical for riluzole-induced postsynaptic 
inhibitory effects
Previous studies have indicated that riluzole’s neuroprotective 

effects may be associated with the inhibition of presynaptic 

Glu release in the central nervous system (CNS).5,6 Further-

more, the suppression of the mEPSC amplitude by riluzole 

indicated that riluzole produced inhibitory modulation of 

synaptic activity in postsynaptic levels in the spinal SDH. 

Figure 1 Riluzole inhibits excitatory synaptic transmission in a concentration-dependent manner.
Notes: (A) Traces of eePscs in sDh neurons in the presence of different concentrations of riluzole (20, 50, 100, and 500 µM). (B) The histogram indicates the monosynaptic 
eePsc peak amplitude in different concentrations of riluzole compared with control (mean ± seM *P<0.05, ***P<0.001, paired t-test). hPs were clamped at −70 mV. (C) 
Dose–response curves for ic50 of riluzole.
Abbreviations: eePsc, evoked excitatory postsynaptic currents; ic50, half maximal inhibitory concentration; SDH, superficial dorsal horn.
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Figure 2 Blocking of gluR2 endocytosis prevents riluzole-induced lTD of spinal nociceptive inputs.
Notes: Riluzole (50 µM)-induced LTD on C fiber (A) and A fiber (C) drive to neurons in sDh. The lTD was prevented by Tat-gluR2 (10 pmol/l). (B, D) Bar graphs 
showing that averaged peak values of eEPSCs are significantly reduced by 50 µM riluzole compared to those averaged from the control and Tat-GluR2 group. ***P<0.001, 
n=6, paired t-test, one-way anOVa. *P<0.05.
Abbreviations: GluR2, glutamate receptor 2; LTD, long-term depression; eEPSC, evoked excitatory postsynaptic currents; ANOVA, analysis of variance; SDH, superficial 
dorsal horn.
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To further identify the putative receptors that mediated rilu-

zole’s postsynaptic action in the presence of tetrodotoxin 

(TTX) (1 µM), the postsynaptic membrane currents induced 

by exogenous excitatory transmitters (Glu and AMPA) and 

inhibitory transmitters (GABA and Gly) were examined 

with or without riluzole. Compared with the control, riluzole 

suppressed the peak of inward currents induced by Glu and 

AMPA to 83.96±6.01 (P<0.05, n=5, Figure 6) and 77.69±3.01 

(P<0.01, n=5, Figure 6), respectively, but had little effect on 

GABA- or Gly-induced currents (P>0.05, Figure 6). The 

above experiments suggested that riluzole could play a part 

in the postsynaptic inhibitory effect on certain SDH neurons 

through postsynaptic AMPA receptors.

gluR2 endocytosis inhibitor prevents 
riluzole-induced lTD of c and aδ fiber 
inputs
Because we found that riluzole inhibited excitatory synaptic 

transmission in the SDH in a concentration-dependent man-

ner, we chose the concentration of 50 µM to investigate the 

long-lasting effects of riluzole. We found that 30-second 

 perfusion of 50 µM riluzole suppressed C-fiber-evoked EPSCs 

to 66.41%±7.64% of control (P<0.001, n=6,  Figure 2A and 

B), and Aδ fiber-evoked EPSCs to 66.75%±10.51% of control 

(P<0.001, n=6, Figure 2C and D) at 40 minutes post drug 

application. Notably, these suppression effects lasted through-

out the entire observation period (>60 minutes), indicating 

an induction of LTD of C and Aδ fiber inputs.

It has been reported that endocytosis of AMPAR con-

tributed to the induction of LTD in the CNS, and Tat-GluR2 

was able to block the endocytosis of AMPAR in postsynaptic 

neurons.30–32 We tested whether endocytosis of GluR2 was 

involved in the riluzole-induced LTD. We found that prein-

cubation of the slice with interference peptide of Tat-GluR2 

(10 pmol/L, incubated for 20 minutes) prevented the LTD 

of C (P<0.001, n=6, Figure 2A, B) and Aδ (P<0.001, n=6, 

Figure 2C and D) fibers, supporting the hypothesis that the 

LTD caused by riluzole was associated with the endocytosis 

of GluR2 receptors.

To further identify that GluR2-mediated riluzole’s post-

synaptic action, we carried out Western blotting tests. Results 

showed that the expression of membrane GluR2 significantly 

decreased to 54.8%±14.6% (P<0.05, one-way ANOVA, n=4), 

without a change in the vehicle group, at 3 days post riluzole 

Figure 3 Riluzole decreases the frequency and amplitude of mePsc.
Notes: (A) Ten successive episodes of mePscs recorded in acsF. (B) Ten successive episodes of mePscs were recorded for riluzole (50 µM). all recordings were made 
during the application of TTX. (C) comparison of cumulative probability of the inter-event interval of mePscs recorded in acsF and riluzole. (D) comparison of cumulative 
probability of amplitudes. hP = −70 mV. P<0.01, n=8, K–s test.
Abbreviations: mEPSC, miniature excitatory postsynaptic current; ACSF, artificial cerebrospinal fluid; TTX, tetrodotoxin.
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treatment (i.p. 12 mg/kg; Figure 7A and B). The results indi-

cated that riluzole could enhance the endocytosis of GluR2, a 

subtype of AMPAR, in postsynaptic neurons and induce LTD.

Discussion
Riluzole – a benzothiazole anticonvulsant – has long been 

used for treating ALS.33,34 Moreover, riluzole’s clinical 

applications include acute and chronic spinal cord injury,7,8 

multiple sclerosis and Parkinson disease,9,10and mental 

 disorders.35,36 The underlying mechanism may be attributable 

to the regulation of the voltage-dependent sodium channel, 

enhanced activity of the small-conductance potassium chan-

nel, inhibition of calcium influx, modulation of Glu release, 

and blockade of NMDA receptor activation.13,37–39 Early 

reports demonstrated that riluzole had no analgesic action in 

a human model of neuropathic pain.40,41 However, increasing 

evidence has shown that riluzole has anti-nociceptive and 

anti-allodynic efficacies in rat models of SCI14 and in other 

animal models of neuropathic pain.6,13,25–29 Consistent with 

these studies, our data showed that systemic application of 

riluzole could produce a pronounced and long-lasting anti-

allodynia effect in the maintenance phase of neuropathic pain. 

Most notably, our study is the first to show that the analgesic 

effect induced by a single injection of riluzole (12 mg/kg) 

strikingly persisted for at least 14 days, while its half-life 

is only 11.91±2.18 hours in spinal cord-injured patients.42

Increasing evidence indicates that a balance between 

inhibitory and excitatory synaptic activities in the SDH is 

disrupted by nerve injury, leading to the hyperexcitability 

of spinal sensory networks.4 In line with prior research,43,44 

we used an in vitro pathological hyperexcitability model by 

bath application of a mixture of GABAA and Gly receptor 

Figure 4 Riluzole reduces the hyperexcitability of sDh neurons in a slice model 
of disinhibition.
Notes: (A) DR stimulation at C-fiber intensity evoked a biphasic response in a 
lamina ii neuron. (B) The application of bicuculline (2 µM) and strychnine (20 µM) 
successfully blocked the iPsPs and generated long-lasting repetitive action potentials. 
(C) Riluzole (50 µM) totally suppressed bicuculline- and strychnine-induced action 
potentials. hP was clamped at −50 mV in current clamp mode.
Abbreviations: SDH, superficial dorsal horn; DR, dorsal root; IPSP, inhibitory 
postsynaptic potential; hP, hold potential.
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partially reversed by i.p. injection of riluzole. (B) Bar graph shows the analgesic effect persisted for at least 14 days. ***P<0.01, one-way anOVa with Bonferroni post hoc 
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Abbreviations: snl, spinal nerve ligation; anOVa, analysis of variance.

SNL+Riluzolev 12 mg/kg
Control+Riluzolev 12 mg/kg
SNL+Vehicle
Control+Vehicle

******
*** ***

***
***

20
12.5

***

*** *** ***
***

***

***

10.0

7.5

5.0

2.5

0.0
0.0 1.0 2.0 3.0 5.0 7.0 14.0

10

0
0 5 10 15 20 25 30

Time (d) Post-injection time (d)

SNL+Riluzolev 12 mg/kg

SNL

W
ith

dr
aw

al
 th

re
sh

ol
d 

(g
)

W
ith

dr
aw

al
 th

re
sh

ol
d 

(g
)

A B

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2584

Zhang et al

antagonists. The application of strychnine and bicucul-

line resulted in hyperexcitability of SDH neurons through 

blocking the inhibitory transmitters. Using this pathological 

disinhibition model, we found that riluzole totally suppressed 

bicuculline- and strychnine-induced action potentials in SDH 

neurons, thereby reducing the hyperexcitability of the spinal 

nociceptive network.

Analyzing the amplitude and frequency of mEPSCs is a 

convenient method to distinguish the pre- and post- synaptic 

effects.45 The change of frequency indicates the presynaptic 

effect, whereas the change of amplitude indicates the post-

synaptic effect. Riluzole significantly suppresses both the 

amplitude and frequency of mEPSCs, indicating that riluzole 

acts on both pre- and postsynaptic sites. Whereas many previ-

ous studies have reported presynaptic effects of riluzole,46,47 

few studies have focused on their postsynaptic mechanisms. 

In light of this fact, our study focused on the postsynaptic 

mechanism of riluzole’s action. We further found that riluzole 

can significantly suppress the currents induced by Glu or 

AMPA, implying that the induction of LTD by riluzole was 

associated with AMPA receptors, whereas both NMDA and 

mGluR receptors mediating LTD eventually relied on the 

endocytosis of postsynaptic Glu AMPA receptors. This result 

is supported by the view that the downregulation of the AMPA 

receptors in the postsynaptic membrane contributes to the 

excitatory synaptic LTD in the CNS.48 It has been reported 

Figure 6 Riluzole decreases glu- and aMPa-induced currents.
Notes: (A) consecutive traces showing the membrane currents induced by glu (100 µM), aMPa (100 µM), gaBa (3 µM), and gly (30 µM). Riluzole suppressed the peak of 
inward currents induced by glu and aMPa, but had little effect on gaBa- or gly-induced currents (P>0.05, paired t-test, n=5). (B) The histogram indicates the comparison 
of membrane current peaks before and after dosing (mean ± seM); *P<0.05, ***P<0.001, paired t-test, n=5).
Abbreviations: glu, glutamic acid; aMPa, aminomethylphosphonic acid; gaBa, gamma-aminobutyric acid; gly, glycine.

1.2

1.0

C
ur

re
nt

 a
m

pl
itu

de
 (%

 o
f c

on
tro

l)

0.8

0.6

0.4

0.2

0.0

100 pA

600 ms

Con
tro

l

Glut
am

ic
AMPA

GABA

Glyc
ine

A B
Glu Riluzole

*
***

Riluzole

Riluzole

Riluzole

AMPA AMPA

GABAGABA

Gly Gly

Glu

Figure 7 The expression of gluR2 receptor in membrane fraction was reduced 
by riluzole.
Notes: (A) Representative images of Western blotting bands. (B) Western blotting 
analysis demonstrated that riluzole (12 mg/kg intraperitoneal injection) in lumbar spinal 
cord reduced the expression of the gluR2 receptor in membrane fractions compared 
with control and vehicle groups (***P<0.001, one-way anOVa, n=4, for each group). 
Abbreviation: gluR2, glutamate receptor 2.

Control

GluR2

N-cadherin

1.5

***

N
or

m
al

iz
ed

 m
em

br
an

e
pr

ot
ei

n 
le

ve
l (

%
)

1.0

0.5

0.0

A

B

Vehicle Riluzole

Control Vehicle Riluzole

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2585

Riluzole induces lTD via postsynaptic gluR2 receptors

that riluzole administration reduces pain by decreasing the 

expression of pNR1 and pNR2B in astrocytes.13

In recent studies, TAT-GluR2 has been considered as a 

novel interfering peptide that interferes with the endocytosis 

of postsynaptic Glu AMPA receptors, which are responsible 

for the genesis of LTD.30–32 Based on the results of previous 

studies, we chose GluR2 to carry out our research. We found 

that Tat-GluR2 pretreatment reversed the later phase of 

riluzole-induced LTD but had little effect on the early phase. 

We, therefore, supposed that the reduction of Glu release might 

contribute to the early phase of riluzole’s action, whereas the 

later phase was induced by the promotion of the endocytosis 

of postsynaptic Glu AMPA receptors. Obviously, we cannot 

exclude the role of NMDA receptors and GluR1, 3, and 4 in 

the riluzole-induced LTD. This question deserves further study.

Conclusion
In conclusion, the present study finds that riluzole induces LTD 

of nociceptive signaling in the SDH and produces  long-lasting 

anti-allodynia in nerve injury-induced neuropathic pain 

conditions via postsynaptic AMPA receptors associated with 

the endocytosis of GluR2. Our results suggest riluzole as a 

potential therapeutic approach for neuropathic pain.
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