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Abstract

Despite numerous efforts to overcome neuropathic pain, various pharmacological drugs often fail to meet
the needs and have many side effects. Muscovite is an aluminosilicate mineral that has been reported to
have an anti-inflammatory effect, but the efficacy of muscovite for neuropathic pain has not been investi-
gated. Here, we assessed whether muscovite nanoparticles can reduce the symptoms of pain by controlling
the inflammatory process observed in neuropathic pain. The analgesic effects of muscovite nanoparticles
were explored using partial sciatic nerve ligation model of neuropathic pain, in which one-third to one-
half of the nerve trifurcation of the sciatic nerve was tightly tied to the dorsal side. Muscovite nanoparticles
(4 mg/100 pL) was given intramuscularly to evaluate its effects on neuropathic pain (3 days per week for
4 weeks). The results showed that the muscovite nanoparticle injections significantly alleviated partial sci-
atic nerve ligation-induced mechanical and cold allodynia. In the spinal cord, the muscovite nanoparticle
injections exhibited inhibitory effects on astrocyte and microglia activation and reduced the expression of
pro-inflammatory cytokines, such as interleukin-1p, tumor necrosis factor-a, interleiukin-6 and monocyte
chemoattractant protein-1, which were upregulated in the partial sciatic nerve ligation model. Moreover,
the muscovite nanoparticle injections resulted in a decrease in activating transcription factor 3, a neuronal
injury marker, in the sciatic nerve. These results suggest that the analgesic effects of muscovite nanoparticle
on partial sciatic nerve ligation-induced neuropathic pain may result from inhibiting activation of astro-
cytes and microglia as well as pro-inflammatory cytokines. We propose that muscovite nanoparticle is a
potential anti-nociceptive candidate for neuropathic pain. All experimental protocols in this study were
approved by the Institutional Animal Ethics Committee (IACUC) at Dongguk University, South Korea (ap-
proval No. 2017-022-1) on September 28, 2017.
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Introduction

Neuropathic pain is a major health problem that represents a
considerable social and economic burden worldwide (Breivik
et al., 2013; Schaefer et al., 2014a; Global Burden of Disease
Study, 2015; Witt et al., 2016). Patients with neuropathic pain
report more severe pain and experience greater functional
and quality of life disorders than patients diagnosed with a
non-neuropathic mechanisms (Gureje et al., 1998; Siniscalco
et al., 2007; Haanpaa, 2013; Schaefer et al., 2014b). However,
various pharmacological treatments often fail to meet pa-
tients’ needs due to unsatisfactory efficacy and adverse side
effects (Andreev et al., 1994; Fisher et al., 2000; Benyamin et
al., 2008).

Effective treatment for neuropathic pain has focused on
the primary sensory neurons and their effect on activity
of spinal dorsal horn neurons (Woolf and Salter, 2000). In
general, inflammation is a pathophysiological condition
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associated with neuropathic pain (Sommer et al., 2018).
Neuroinflammation involves complex bidirectional signaling
between neurons and glial cells (Clark et al., 2013; Ji et al.,
2013; Sommer et al., 2018). Activation of glial cells, including
spinal cord astrocytes and microglia, initiates and maintains
long-lasting thermal hyperalgesia and mechanical allodynia
after a nerve injury (Latremoliere and Woolf, 2009; Gao and
Ji, 2010; Gwak et al., 2017). Peripheral changes result in the
release of pro-inflammatory cytokines, which include the
activation of sensory neurons, including immune-like glial
cells in the injured nerve, dorsal root ganglia, and spinal cord
(Gao and Ji, 2010; Clark et al., 2013). Therefore, targeting
glial activation and spinal cord pro-inflammatory cytokine
action can be a potential therapeutic strategy for neuropathic
pain. Pro-inflammatory cytokines [interleukin (IL)-6, IL-1,
and tumor necrosis factor (TNF)-a] in the spinal cord cause
pain hypersensitivity through central sensitization, thus par-
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ticipating in the pathogenesis of neuropathic pain (Nantel et
al., 1999).

We tested muscovite nanoparticles to explore a new ap-
proach to inhibit glial cells and inflammatory cytokines.
Muscovite has been used to treat bleeding, dysentery, and
inflammation in traditional medicine, including East Asian
medicine and Ayurveda. Previous studies have shown that
muscovite has anti-tumor activity through chemopreventive
effects and blocking the proliferation of cancer cells (Cho et
al,, 2013; Kang et al., 2015). On the other hand, several stud-
ies have shown that muscovite nanoparticles have immune
enhancing effects via the lysosome and phagosome pathway
(Jung et al., 2010, 2015). In addition, muscovite has been
reported to be effective in modulating the inflammatory
response and apoptosis in the chronic atrophic gastritis rat
model (Zhu et al., 2006, 2008). Although muscovite has been
shown to modulate the inflammatory response, no study has
investigated the analgesic effect of muscovite on neuropathic
pain.

In the present study, we examined the effect of muscovite
on spinal glial cell activation (astrocyte and microglia) in a
partial sciatic nerve ligation (PSNL) mouse model of neu-
ropathic pain. We also analyzed the changes in pro-inflam-
matory cytokines as well as astrocytes and microglia in the
model.

Materials and Methods

Animals

Eight-week-old adult male C57BL/6 mice (Samtako Animal
Co., Seoul, Korea), weighing 24-26 g, were used in all experi-
ments. All mice were acclimated for at least 1 week before the
experiments and maintained with a 12-hour light/dark cycle
(lights on at 8:00 a.m. and off at 8:00 p.m.) under a controlled
temperature of 22 + 2°C and relative humidity of 55 + 15%.
A total of 30 mice were randomly assigned to each group (n
= 6/group): sham-operated (Sham), PSNL (PSNL), PSNL +
GB30 (GB30), PSNL + GB34 (HL), PSNL + BL25 (LB). All
experimental protocols in this study followed the “Guide for
Animal Experiments” edited by the Korean Academy of Med-
ical Sciences and were approved by the Institutional Animal
Ethics Committee (IACUC) at Dongguk University, South
Korea (approval No. 2017-022-1) on September 28, 2017.

Induction of neuropathic pain induced by PSNL

The animal’s left sciatic nerve was exposed at the mid-thigh
level, and the dorsal one-third to one-half of the sciatic
nerve was tightly ligated with an 8-0 silk (AILEE, Busan, Ko-
rea) suture (Figure 1). The sham group underwent the same
surgery as the PSNL animals except that sutures were not in-
serted nor ligated into the nerve (Jang et al., 2018). Animals
were randomly assigned to each group and a baseline testing
was performed 7 days after surgery.

Drug preparation

The muscovite was provided by SoltoBio (Seoul, South Ko-
rea) for the research use. It is a traditionally used mineral
compounds, which mainly contains KAl,(AlSi,0,,)(OH),.

The nanoparticle was generated by high speed collision meth-
ods. After boiling the muscovite powder in sterile distilled
water, the supernatant was centrifuged (Centrifuge 5415R,
Eppendorf, Westbury, NY, USA) at 4000 x g for 10 minutes,
then filtered at 0.2 pm membrane (Whatman; Micron Sep-
aration, Inc, Westborough, MA). The size of muscovite in
diameter was 419 (359-489) nm in median (10-90%) value
when measured by Laser Diffraction Grain Size Analyzer in
Korea Quality & Testing Institute (Suwon, South Korea).

Muscovite nanoparticle injection

GB30, LB, and HL groups received intramuscularly (i.m.)
injection of muscovite at GB30, BL25, and GB34 of acupoint,
respectively (Figure 1). These points follow the World Health
Organization standard. GB30 is in the buttock region, at the
junction of the lateral one third and medial two thirds of the
line connecting the prominence of the greater trochanter
with the sacral hiatus. This point is close to the sciatic nerve.
GB34 is on the fibular aspect of the leg, in the depression
anterior and distal to the head of the fibula, which is close to
the lumbar spinal cord. BL25 is in the lumbar region, at the
same level as the inferior border of the spinous process of
the fourth lumbar vertebra (L4). We intramuscularly inject-
ed the 4 mg/100 pL saline muscovite nanoparticles into the
three points with a depth of 1-2 mm.

Behavioral tests

Mechanical allodynia frequency was assessed in the hind
paw using electronic von Frey filaments (IITC, Woodland
Hills, CA, USA). Mechanical frequency was measured by
applying 10 filament to each mouse with a force of 0.6g to
the surface of the hind paw with a 5-second interval between
each application, as described previously (Figure 2A) (Jang
etal., 2018).

To test cold allodynia, mice were confined in acrylic glass
cylinders on an elevated wire mesh. The surface of the hind
paw was exposed to 20 uL of acetone, without touching the
skin (Figure 3A).

Western blot assay

The lumbar portion of the spinal cord (L1-6) and sciatic
nerve samples were homogenized in lysis buffer (CyQUANT;
Invitrogen, Carlsbad, CA, USA). Protein sample (10 pg) was
subjected to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, then transferred to polyvinylidene fluoride
membranes, and finally incubated with primary antibod-
ies: interleukin-6 (IL-6; 1:500; Cell Signaling Technology,
Danvers, MA, USA; #12912), IL-1p (1:500; Santa Cruz Bio-
technology, Santa Cruz, CA, USA; sc-7884), TNF-a (1:500;
Novus Biologicals, Milano, Italy; NBP1-19532), activating
transcription factor 3 (ATF-3; 1:500; Cell Signaling Tech-
nology; #33593), glial fibrillary acidic protein (GFAP; 1:500;
Invitrogen; 14-9892-82), Iba-1 (1:500; Millipore, Billerica,
MA, USA; MABN92) and B-actin (1:1000; Santa Cruz Bio-
technology; sc-47778) for 72 hours at 4°C. The membranes
were incubated with the secondary rabbit (1:5000; Ther-
mo Scientific, Madison, WI, USA; PA1-30359) or mouse

2163



Oh JY, Hwang TY, Jang JH, Park JY, Ryu Y, Lee H, Park HJ (2020) Muscovite nanoparticles mitigate neuropathic pain by modulating the
inflammatory response and neuroglial activation in the spinal cord. Neural Regen Res 15(11):2162-2168. doi:10.4103/1673-5374.282260

(1:10,000; Thermo Scientific; PA1-30355) antibodies for 1
hour at room temperature. The bands were visualized using
an enhanced chemiluminescence kit (Super Signal West
Pico; Pierce, Rockford, IL, USA), and the band intensity was
analyzed with the Image J software (National Institutes of
Health, Bethesda, MD, USA).

Immunofluorescence

Mice were perfused with PBS followed by 10% formalin.
The separated spinal cords were post-fixed overnight, cryo-
protected, and incubated with 10%, 20%, and 30% sucrose,
respectively, for 12 hours. Spinal cords were cut into 40 pm-
thick coronal sections. Three sections per mice were selected
for later immunofluorescence. Nonspecific binding sites were
blocked using 0.3% bovine serum albumin (BSA) with 0.3%
Triton X-100 in PBS for 1 hour at room temperature. After
blocking, the sections were incubated with mouse anti-GFAP
(marker of astrocyte; 1:500; Invitrogen; 14-9892-82) or mouse
anti-Iba-1 (marker of microglia; 1:500; Millipore; MABN92)
for 72 hours at 4°C. The sections were then incubated with
secondary antibody of Alexa Fluor 488 donkey anti-rabbit
IgG (A21206, 1:500 dilution) diluted in PBS with 0.3% Triton
X-100 for 1 hour at room temperature. Then fluorescence
mounting medium with 4',6-diamidino-2-phenylindole
(DAPI) was finally added. The sections were observed under
an Olympus FV-1000 laser confocal scanning microscope
(Olympus Corporation, Shinjuku, Tokyo, Japan) equipped
with a plan apochromatic x 60 oil immersion objective.

Statistical analysis

GraphPad Prism 5 software (GraphPad Software Inc., San
Diego, CA, USA) was used for all statistical analyses. All
data are expressed as the mean + standard error. Analyses of
the von Frey and acetone test were performed using two-way
repeated measures analysis of variance (ANOVA) and the
Bonferroni post-hoc tests for pairwise multiple comparisons.
Group comparisons of inflammatory cytokine activation in
the spinal cord were analyzed by one-way analysis of vari-
ance (ANOVA) followed by the Newman-Keuls post-hoc
test. In all of the analyses, the differences were considered
statistically significant at P < 0.05.

Results

Muscovite injections induce mechanical and cold
allodynia

To investigate the behavior of muscovite for regulating neu-
ropathic pain, we examined the effect of muscovite on neu-
ropathic pain development by assessing mechanical and cold
allodynia. After the muscovite injections, two-way ANOVA
revealed a significant main effect of group (F, ,,, = 710, P
< 0.001) with a significant group x time interaction (F ,,,
=255, P < 0.001) in the von Frey test, and revealed a signif-
icant main effect of group (F 155 = 264, P < 0.001) with a
significant group x time interaction (F s 15 = 150, P < 0.001)
in the acetone test. One-way ANOVA revealed a significant
effect of the muscovite injections after 1 month in the von
Frey test (F 4 35 = 157.9, P < 0.001) and acetone test (F, ;=
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104.9, P < 0.001).

The mechanical withdrawal frequency of the musco-
vite-injected groups exhibited remarkable decreases on
postoperative days 3-28 compared with the PSNL group.
Notably, when injected at GB30, the mechanical withdrawal
frequency was significantly improved compared to the other
muscovite-injected groups (all P<0.001 vs. PSNL; Figure
2B). However, there was no difference in the contralateral
paw (Figure 2C). As a result, mechanical allodynia de-
creased in all groups after muscovite injections for 1 month,
particularly when injected at GB30 (Figure 2D), while no
significant differences were detected in the contralateral paw
(Figure 2E). These results indicate that muscovite could ex-
hibit an ameliorative effect in PSNL mice.

The PSNL group exhibited pronounced cold allodynia
compared to the sham group, as indicated by the significant
improvement in the frequency of the paw withdrawal re-
sponse postoperatively (Figure 3B). The muscovite-injected
groups showed a significant attenuation of cold allodynia,
with a remarkable decrease in the paw withdrawal response
frequency compared with that of the PSNL group during 1-4
weeks (all P<0.001, vs. PSNL). However, no difference was
observed in the contralateral paw (Figure 3C). As a result,
cold allodynia decreased in all groups after 1 month of mus-
covite injections, particularly when injected at GB30 (Figure
3D). No significant differences were detected in the contra-
lateral paw (Figure 3E). These data suggest that muscovite
injections could alter cold allodynia in PSNL mice.

Muscovite reverses the PSNL-induced expression of
neuroinflammatory cytokines

To investigate the effects of muscovite on PSNL-induced neu-
roinflammation, the protein levels of pro-inflammatory cyto-
kines were measured. One-way ANOVA revealed significant
differences in relative protein expression of pro-inflammatory
cytokine IL-6 (F, ,, = 8.870, P = 0.0027), IL-1B (F,, ,, = 9.248,
P =0.0022), and TNF-a (F4 5, = 39.26, P < 0.0001). Determi-
nation of pro-inflammatory cytokines revealed higher levels
in the PSNL than in the sham group (P < 0.01, Figure 4A; P
< 0.01, Figure 4B; P < 0.001, Figure 4C). Following musco-
vite injections at GB30, the pro-inflammatory cytokine levels
decreased significantly (P < 0.01, Figure 4A; P < 0.05, Figure
4B; P < 0.001, Figure 4C).

We next assessed expression of ATF-3 on the sciatic nerve
following neuronal damage or stress (Tsujino et al., 2000).
One-way ANOVA revealed a significant difference in the
relative protein expression level of ATF-3 (F, ,, = 6.375, P =
0.0081). ATF-3 increased after PSNL compared to the sham
group, but decreased significantly in the GB30 group com-
pared to the PSNL group (P < 0.01; Figure 4D).

Muscovite inhibits astrocyte and microglia activation in
the spinal cord

The activation of astrocytes releases a series of substances
that specifically regulate the transmission of pain. To deter-
mine whether muscovite inactivated astrocytes, we observed
changes in the immunoactivity and expression of GFAP,
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a marker of astrocyte activity. One-way ANOVA revealed
significant differences in astrocyte-positive cells (F, ,, =
11.19, P = 0.0010) and protein levels (F 5, = 4.770, P =
0.0206). Post-hoc Neuman-Keuls analysis showed that the
GFAP-labeled astrocytes had thin processes and smaller cell
bodies in the lamina I to II of the Sham group, suggesting no
activation, but exhibited an obvious hypertrophic body with
thicker processes in the PSNL group (Figure 5A). However,
GFAP staining decreased significantly in the GB30 group
(P < 0.01), while HL and LB groups exhibited no significant
differences compared with the PSNL group. The same con-
clusion was reached from optical density of GFAP (Figure
5A and B). Furthermore, muscovite treatment significantly
decreased GFAP protein expression in the GB30 group (P
< 0.05; Figure 5C). These indicate that the GB30 group had
significantly reduced astrocyte activity, thereby reducing
the transmission of pain perception in the central nervous
system, which might be another mechanism of the analgesic
effect of muscovite in PSNL mice.

To determine whether muscovite inactivates microglia, we
observed changes in the immunoactivity and protein level of
Iba-1, a marker of microglia activity. One-way ANOVA re-
vealed significantly different immunoactivity (F ,, = 79.74,
P < 0.0001) and protein level (F, ,, = 5.752, P = 0.0114) in
microglia-positive cells. Post-hoc Neuman-Keuls analysis
showed that Iba-1-positive cells had thinner processes and
smaller cell bodies in the lamina I to II of the sham group,
suggesting no activation. Comparably, an obvious hypertro-
phic body with thicker processes were exhibited in the PSNL
group (Figure 6A). However, Iba-1 staining was decreased
significantly in the GB30, HL, and LB groups (P < 0.001),
and the same conclusion was reached from the optical den-
sity of Iba-1 (Figure 6A and B). Furthermore, muscovite
treatment significantly decreased Iba-1 protein expression
in the GB30 group (P < 0.01; Figure 6C). These results show
that muscovite administration at GB30 inhibited PSNL-in-
duced activation of microglia.

Discussion
Neuropathic pain affects millions of people around the
world, often accompanied by changes in quality of life. Since
the needs of patients with neuropathic pain are not largely
met due to the poor efficacy and side effects of current treat-
ments, new treatments are needed. Accumulating evidence
demonstrates that neuroinflammatory responses are often
characterized by the construction of pro-inflammatory cyto-
kines. This plays an important role in the activation of glial
cells and the pathophysiology of neuropathic pain induced
by PSNL (Malmberg and Basbaum, 1998). By targeting
neuroinflammation, the treatment of neuropathic pain has
becoming mainstream and has been found to be an effec-
tive therapeutic strategy. This study showed that muscovite
injection inhibited mechanical and cold allodynia induced
in PSNL mice. Moreover, it decreased the activation of as-
trocytes and microglia in the spinal cord, and attenuated the
expression of pro-inflammatory cytokines in the spinal cord.
We first investigated whether muscovite reduced mechan-

ical and cold allodynia in the neuropathic pain model using
the von Frey and acetone tests. PSNL is a well-characterized
animal model of neuropathic pain (Colleoni and Sacerdote,
2010). By tightly tying one-third to one-half of the sciatic
nerve, the mice exhibit reliable signs, such as mechanical
and cold allodynia with persistent spontaneous pain that
lasts for several months (Colleoni and Sacerdote, 2010). Our
data were consistent with the literature: the animals devel-
oped significant mechanical and cold allodynia as the fre-
quency for paw withdrawal increased after PSNL. Also, they
showed associated aversive behavior, such as licking and
limping of the affected paw, and enlarged movements. These
were reduced after muscovite injection, with significant de-
crease in the mechanical and cold allodynia, suggesting that
muscovite possesses pain-relieving effects and reduces the
transmission of pain in the central nervous system. Notably,
mechanical and cold allodynia were further reduced when
muscovite was injected at GB30 compared with at the other
injection points. Moreover, the ameliorative effect of GB30
group even preceded that of amitriptyline, the positive con-
trol group (Additional Figure 1). These findings suggest that
the effect of muscovite is injection site-dependent.

In addition, we measured levels of the pro-inflammatory
cytokines IL-6, IL-1f, and TNF-a. In neuropathic pain, in-
creased pro-inflammatory cytokine expression is considered
the main cause of hyperalgesia (Denkers et al., 2004). The
present study revealed that the muscovite injections signifi-
cantly decreased the expression of these pro-inflammatory
elements in the PSNL mice. Based on these observations,
analgesia of muscovite can be attributed to its alleviating
effect on pro-inflammatory mediator attenuation such as
TNF-a, IL-1p and IL-6 in PSNL-induced neuropathic pain.
Muscovite injections at GB30 may decrease the production
of pro-inflammatory cytokines in the spinal cord, thus at-
tenuating hyperalgesia. Observations of functional recovery
were also mapped to changes in neurochemical expression
including ATF-3. ATF-3 is upregulated after nerve injury
(Tsujino et al., 2000; Averill et al., 2004) and downregulat-
ed after re-innervation of peripheral targets (Seijffers et al.,
2006). ATF-3 was significantly decreased in sciatic nerves
harvested from muscovite-injected mice compared with
PSNL mice. Since ATE-3 is reduced after neuroprotection
or re-innervation of targets, our result shows that muscovite
partially contributes to nerve regeneration. Furthermore, de-
crease of ATF-3 was remarkable in GB30 group, which was
injected closest to the ligation site of sciatic nerve.

An increasing amount of evidence suggests that neuroin-
flammation in the spinal cord plays an important role in
the development and maintenance of neuropathic pain by
activating glial cells (Kiguchi et al., 2012; Ellis and Bennett,
2013). Activated glial cells produce numerous mediators,
such as pro-inflammatory cytokines, which result in a cas-
cading activation of surrounding glia that enhance neuronal
activity (Guo et al., 2007; Calvo et al., 2012; Ji et al., 2014).
Furthermore, these activated pro-inflammatory cytokines
play an important role in the development of neuropathic
pain following peripheral nerve injury (Frank et al., 2007;
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Figure 1 Schematic diagram of surgical ligation and muscovite
injection points.

Ligature was tied around the sciatic nerve in the PSNL mice. Muscovite
was injected at GB30, HL, and LB. L4: Lumbar 4; L5: lumbar 5; L6: lum-
bar 6; LB: lumbar (GB34); HL: hindlimb (BL25); PSNL: partial sciatic
nerve ligation.
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Figure 3 Cold allodynia changes for 4 weeks after muscovite
injections following PSNL.

(A) Experimental schedule of the muscovite injections and acetone test.
(B-E) Cold allodynia in the acetone test in the ipsilateral (B, D) and
contralateral paw (C, E) surfaces 2 hours after the muscovite injection
for 0, 1, 2, 3, and 4 weeks. Data are expressed as the mean + SEM (n =
6/group). ##*P < 0.001 vs. sham group; #P < 0.05, ##P < 0.01, #H##P <
0.001, vs. PSNL group (two-way repeated measures analysis of variance
(ANOVA) followed by Bonferroni post-hoc tests). HL: Hindlimb (BL25);
LB: lumbar (GB34); PSNL: partial sciatic nerve ligation.

Mika et al.,, 2013). For example, peripheral nerve injury
upregulates the level of cytokines, such as IL-6, IL-1f, and
TNF-q, in the central nervous system (Fregnan et al., 2012).
We assessed, by fluorescence and western blot analysis,
whether muscovite injection could produce changes in glial
cells at the spinal cord in PSNL mice. We discovered that the
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Figure 2 Mechanical allodynia changes for 4 weeks after muscovite
injections following PSNL.

(A) Experimental schedule of the muscovite injections and von Frey
test. (B-E) Anti-allodynic effects of muscovite was measured on the
ipsilateral (B, D) and contralateral (C, E) plantar surfaces 2 hours af-
ter the muscovite injection for 0, 1, 3, 7, 14, 21, and 28 days. Data are
expressed as the mean + SEM (n = 6/group). *¥*kP < 0.001 vs. sham
group; #P < 0.05, ###P < 0.001, vs. PSNL group (two-way repeated
measures analysis of variance followed by Bonferroni post hoc tests).
HL: Hindlimb (BL25); LB: lumbar (GB34); PSNL: partial sciatic nerve
ligation.

expression of GFAP and Iba-1 in the spinal cord decreased
significantly following injection of muscovite at GB30, indi-
cating suppression of astrocytes and microglial activation.
These results suggest that the analgesic effects of the musco-
vite injections at GB30 may be associated with suppressing
glial cell activation.

Taken together, muscovite injection moderates nociceptive
behavior of neuropathic pain by suppressing inflammatory
response and neuroglial activation. Subsequently, increased
levels of IL-6, IL-1p and TNF-a were detected in mice with
PSNL along with activation of astrocytes and microglia. In-
versely, muscovite injections decreased the levels of pro-in-
flammatory cytokines as well as the activation of astrocytes
and microglia, thus exerting an analgesic effect. Therefore,
muscovite may be a potential analgesic agent to treat neu-
ropathic pain. However, further experimental studies on
the effective safe dosage for humans and specific activation
mechanisms should be warranted to determine the effective
use of muscovite for treating and managing neuropathic
pain.

The present study suggests that muscovite injections at
GB30 attenuated nociceptive behaviors in PSNL mice by
inhibiting pro-inflammatory cytokines. Furthermore, the
suppression of astrocytes and microglia was involved in the
analgesic effects of muscovite. These results suggest that
muscovite may be a potential candidate with which to regu-
late and attenuate the development of neuropathic pain.
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Figure 4 Expression levels of pro-inflammatory cytokines after muscovite injection.

(A) IL-6, (B) IL-1P, and (C) TNF-a were detected by western blot assay in the spinal cord tissue. (D) ATF-3 was detected in the sciatic nerve. Data
are expressed as the mean + SEM (n = 3/group). **P < 0.01, ***P < 0.001, vs. sham group; #P < 0.05, ##P < 0.01, ###P < 0.001, vs. PSNL group.
n = 3/group (one-way analysis of variance followed by the Student-Newman-Keuls test). ATF-3: Activating transcription factor 3; HL: hindlimb
(BL25); IL-6 interleukin-6; IL-1p: interleukin-1beta; LB: lumbar (GB34); PSNL: partial sciatic nerve ligation; TNF-a: tumor necrosis factor-alpha.

#4

Figure 5 Regulation of muscovite in activated astrocytes.

(A, B) Immunofluorescence staining demonstrates that GFAP is regu-
lated for muscovite injection. (C) Western blot assay confirming GFAP
expression after muscovite injection. f-Actin was used as the loading
control. Scale bar: 100 pm. Data are expressed as the mean + SEM (n
= 3/group). *P < 0.05, **P < 0.01, vs. sham group; #P < 0.05, ##P <
0.01, vs. PSNL group (one-way analysis of variance followed by the
Student-Newman-Keuls test). DAPI: 4',6-Diamidino-2-phenylindole;
GFAP: glial fibrillary acidic protein; HL: hindlimb (BL25); LB: lumbar
(GB34); PSNL: partial sciatic nerve ligation.
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Additional Figure 1 Behavioral changes for 4 weeks after muscovite or amitriptyline injections following
PSNL using von Frey test.

Amitriptyline, tricyclic antidepressant was intraperitoneally injected at 10 mg/kg using positive control. The
mechanical withdrawal threshold in both the amitriptyline and muscovite injection on the GB30 groups exhibited
remarkable decreases on postoperative days 14-28 compared with the PSNL group. In addition, the ameliorative
effect of muscovite injected at GB30 took effect faster than that of amitriptyline. Data are expressed as the mean +
SEM (n = 5/group). P < 0.001, vs. sham group; P < 0.01, **P < 0.001, vs. PSNL group (data were analyzed
with two-way repeated measures analysis of variance followed by Bonferroni post hoc tests). HL: Hindlimb
(BL25); LB: lumbar (GB34); PSNL.: partial sciatic nerve ligation.



