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Abstract
Neuropathic pain, which is caused by nervous system damage or dysfunctions,
remains one of the most intractable challenges in modern medicine due to the lack
of effective drugs. Tacrine, which is a small organic compound, is known to mimic
the beneficial characteristics of the neural cell adhesion molecule L1 (L1CAM, L1)
in vitro. Although previous studies indicated that L1 constitutes a viable strategy for
promoting regeneration after nervous system injury, it is not clear whether L1 has a
definite role in peripheral nerve injury. In this study, we observed that tacrine eased
thermal hyperalgesia and mechanical allodynia after sciatic nerve chronic construction
injury and restored functional morphological damage. Furthermore, tacrine suppressed
the proliferation and activation of glia and reduced the level of IL-1β, IL-6 and TNF-
α. Tacrine also inhibited the JAK2/STAT3 signaling pathway, which is involved in
neuroinflammation. These observations indicated that tacrine is a promising candidate
for an analgesic agent for neuropathic pain.

Keywords
Neuropathic pain; L1; Tacrine; Neuroinflammation; JAK2/STAT3 pathway

1. Introduction

Neuropathic pain (NP), which is caused by lesions or disease
of the somatosensory nervous system, is a common type of
chronic pain affecting 7–8% of the global population [1].
However, the curative effect of the available therapies for
clinical neuropathic pain remains poor because of the com-
plex causes and complicated mechanisms behind such pain.
There is therefore an urgent need to find novel therapeutic
approaches to ease neuropathic pain in patients. The clinical
manifestation of NP is hyperalgesia and allodynia (amplified
responsiveness to painful stimuli, and a painful response to
normally non-noxious stimuli, respectively) [2]. Overactivity
in pain-sensing neurons induces secondary hyperexcitability
in neurons upstream of the ipsilateral spinal dorsal horn. A
substantial amount of research has confirmed that the prolifer-
ation of glial cells and the interaction of neural networks play
a key role in the initiation and maintenance of NP [3, 4]. In
the course of neuro inflammation, noxious cytokines activate
the Janus kinase 2 (JAK2) signal transducer and activator of
transcription 3 (STAT3) signal pathway, which is involved
with central sensitization [5]. Therefore, the suppression of
neuro-inflammatory cascades is considered to be a potential
therapeutic strategy [6]. Given the heterogeneous nature of the
processes that support the development of neuropathic pain,
the underlying molecular mechanisms can be better elucidated
using lesion models.

Cell adhesion molecule L1 (L1CAM, L1), which is a mem-

ber of the immunoglobulin superfamily, is widely expressed
in neurons [7–9]. Moreover, L1 has been shown to be a
potential beneficial molecule for promoting not only axonal
fasciculation and regeneration, but also for increasing neuronal
survival, and promoting remyelination and synaptic plasticity
in a repressive environment [10–13]. L1 mediates cell-cell
adhesion in intracellar signaling cascades by binding partners
[14, 15] such as Mitogen-activated protein kinase (MAPK)
systems and fibroblast growth factor receptor 1 [16, 17]. L1
has been regarded as a promising molecule for treating the
diseased nerve system. However, it is not yet clear whether
L1 is effective in the NP mouse model. The viral deliv-
ery of L1 and the injection of stem cells over-expressing L1
would present difficulties if translated to human clinical ther-
apy [18]. Conventional analgesic agents such as nonsteroidal
anti-inflammatory drugs, opioids, and anti-depressant drugs
inevitably exhibit adverse effects that limit their application
in treatment of clinical neuropathic pain [19, 20]. Therefore,
FDA-approved small molecule mimics could be more accept-
able because of their pharmacokinetics and accessibility.

Tacrine (1, 2, 3, 4-tetrahydroacridine-9 hydro chloride; Bris-
tol, UK) is a reversible acetylcholinesterase inhibitor with
pharmacological action on ion channels and monoamine lev-
els. It is a small organicmolecule and has been shown tomimic
the useful features of L1. Tacrine has been used for treating
memory loss and cognitive decline in Alzheimer’s dementia
[21, 22], and was recently verified as promoting functional
recovery, neurite outgrowth, and neuronal survival in zebrafish
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after spinal cord injury [23]. Because of its resemblance to the
extracellular region of L1, Tacrine stimulates L1 expression
and proteolysis, especially the phosphorylation of kinases of
neurons in vitro. Nevertheless, the effect of Tacrine on pain
is unknown. Therefore, our study was designed to use an
experimental model of neuropathic pain to investigate any
analgesic effect of Tacrine, and to elucidate any underlying
mechanism behind its action.

2. Materials and methods

2.1 Animals
Male C57BL/6 mice (4–6 weeks old) weighing 20–25 g
were obtained from the Animal Experimental Center of
Guangdong, China (Laboratory Animal Certificate: NO:
44200300015927). The mice were housed at the animal
center of Guangdong-Hongkong-Macau Institute of CNS
Regeneration (GHMICR) of Jinan University, under standard
conditions of humidity and temperature, a 12 h of light/dark
cycle, and free access to food and water. Sixty mice were
allocated to 3 groups (n = 20/group) as follows: (1) Sham
Group; (2) Surgery + Vehicle Group; (3) Surgery + Tacrine
Group. Drugs were administered after surgery.

2.2 Mouse Chronic Constriction Injury (CCI)
model and drug administration
Mice were anesthetized with 10% chloral hydrate. Then the
left sciatic nerve was exposed through a small incision. Uni-
lateral sciatic nerve constriction was performed with three
loose ligatures using 5-0 silk. Ligatures were spaced at 1-
mm intervals. In the Sham Group, the sciatic nerve was just
exposed but not ligatured.
Intrathecal injections were performed using a 10 µL mi-

croinjection syringe. The needle was inserted into the inter-
vertebral space of the L5–6 region of the spinal cord and 10
µL of solution was injected. The reflexive flick of the tail
indicated a successful injection. The Sham group received 10
µL of normal saline
Tacrine was freshly diluted with normal saline and was

injected intrathecally into the L5-6 regions at a dose per mouse
of 0.2 mg/mL [24] for 28 days after surgery.

2.3 Behavioral testing
The mice underwent daily habituation for 2 days before base-
line testing. The mice were placed in an individual Plexiglas
chamber with an elevated mesh screen for 30 min before
testing. All behavioral tests were carried out 1 h intervals.
Paw-withdrawal frequencies (PWFs) were tested using von

Frey fibers. The calibrated von Frey filaments of 0.4 g were
used to stimulate the hind paw for 1 s and repeated 10 times.
Then PWF was represented as a % response frequency ([num-
ber of paw withdrawals/10 trials] × 100 = % response fre-
quency).
Paw withdrawal latencies (PWTLs) to noxious heat stimu-

lation were tested with the Analgesia Meter (IITC Inc. Life
Science Instruments). In brief, each mouse was placed in
an individual Plexiglas chamber on a glass plate. A beam

of light passed through a hole in the chamber and stimulated
the middle of each hind paw. If the mouse withdraws its
foot, the light beam automatically turns off. The PWTL was
recorded as the length of time from the start of light beam to
the foot withdrawal, five times, with a cut-off time of 20 s
being applied to avoid hind paw injury. Cold hyperalgesia was
assessed using the cold plate test in mice [25]. Each mouse
was placed onto the cold plate in turn (IITC Inc. Life Science
Instruments) at a temperature of 5 ◦C± 0.2 ◦C. The frequency
of lifting, flinching, or scratching its hind paw was recorded.
Each ipsilateral and contralateral hind paw was tested for 5
min.

2.4 Immunofluorescence staining

Mice were perfused with 200 mL of 4% paraformaldehyde
(pH 7.4) after being anesthetized with 3% isoflurane. L5
segments were then harvested, fixed at 4 ◦C for at least 4 h and
then dehydrated in 30% sucrose overnight. The tissues were
sectioned at a thickness of 20 µm on a freezing microtome.
The sections were then blocked with PBS containing 10%
goat serum and 0.3% Triton X-100 for 2 h at 37 ◦C, and then
incubated at 4 ◦C with primary antibody overnight. They were
then incubated for 2 h at room temperature with the second
antibody. All immunofluorescence images were observed
using a Leica DMI4000 fluorescence microscope and captured
with a DFC365FX camera (Leica, Germany).

2.5 Western blot analysis

After administration of tacrine for 28 days, mice were decap-
itated and the ipsilateral L5 spinal cords were removed. The
tissues were separately homogenized with ice-cold lysis buffer
containing 0.25 M sucrose, 10 mM Tris, 2 mM MgCl2, 5 mM
EGTA, 1 mM phenyl methylsufonyl fluoride, 1 mM DTT, and
40mM leupeptin. After the crude homogenate was centrifuged
at 4 ◦C for 15 min the supernatants were collected and the
total protein concentration in each sample was measured by
BCA protein assay (Keygen Biotech, China). Each sample
was heated at 99 ◦C for 10 min and then loaded onto a 4%
stacking/10% separating SDS-polyacrylamide gel (Bio-Rad
Laboratories). Then the protein was transferred onto a PVDF
membrane (Millipore, USA). After blocking of nonspecific
binding sites by 5% non-fat milk in Tris-buffered saline con-
taining 0.1% Tween-20 for 1 h, the membranes were incubated
with the respective primary antibody overnight. These anti-
bodies included mouse anti-L1 (1 : 1000, ab24345, Abcam),
rabbit anti-JAK2 (1 : 2000, ab108596, Abcam), anti-STAT3 (1
: 1000, ab68153, Abcam), andmouse β-actin (1 : 2000, 3700s,
CST), overnight at 4 ◦C. The membranes were washed three
times for 10 min each, and then incubated with horseradish
peroxidase conjugated IgG anti-mouse (1 : 3000, 7076s, CST)
or IgG anti-rabbit secondary antibody (1 : 3000, 7074s, CST),
and were visualized by western peroxide reagent and lumi-
nol/enhancer reagent (Clarity western ECL Substrate, Bio-
Rad). Image lab software was used to exposed and quantified
the intensity of the membranes.
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FIGURE 1. CCI induced mechanical allodynia, heat hyperalgesia and cold allodynia throughout the experimental
period of 28 days. Data are expressed as mean ± SEM; n = 10 per group. (A) The bilateral paw withdrawal frequencies (PWFs)
to mechanical stimuli were evaluated in the sham and CCI groups (*p < 0.05 versus the sham ipsilateral group). (B) The bilateral
paw withdrawal latencies (PWTLs) were detected in each group (*p < 0.05 versus the sham ipsilateral group). (C) The change
of nociceptive response time in cold plate test in each group (*p < 0.05 versus the sham ipsilateral group).

FIGURE 2. L1 expression was decreased in the dorsal spinal cord during CCI-induced NP. (A) L1 expression in spinal
cord detected by western blotting after CCI. (B) Statistical analysis of the differences between groups (n = 3). Data are presented
as the means ± SEM. *p < 0.05 versus the sham group.

2.6 Enzyme-linked immunosorbent assay
(ELISA)
The protein level of interleukin-1β (IL-1β), interleukin-6 (IL-
6) and tumor necrosis factor-α (TNF-α) were measured by

ELISA kits (R&D Systems, Minneapolis, MN, USA) using the
manufacturers’ protocol.
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FIGURE 3. Tacrine treatment prevents CCI-evoked hyperalgesia in mice. (A) The chemical structural formula of tacrine.
(B) The ipsilateral paw-withdrawal frequency (PWF) to mechanical stimuli in each group (n = 10). (C) The ipsilateral paw-
withdrawal latency (PWTL) to heat stimuli of different groups (n = 10). (D) The ipsilateral paw nociceptive responses to cold
plate in each group (n = 10).

2.7 Statistical analysis

Statistical calculations and analyses were carried out using
GraphPad 6.0 (GraphPad Software, La Jolla, CA, USA). Data
were presented as the mean ± SEM. The difference between
two groups was analyzed by a two-tailed Student’s test. Then
5%or less confidence interval was considered to be statistically
significant.

3. Results

3.1 CCI-induced mechanical allodynia, heat
hyperalgesia and cold allodynia over time

The CCI model was established in mice to simulate neuro-
pathic pain. Compared with sham-operated groups and the
contralateral hind paw of the CCI group, the PWF of the
ipsilateral CCI group significantly increased and remained at a
high level for 4 weeks (p < 0.05, Fig. 1A). CCI also induced
a significant heat hyperalgesia in mice. The PTWL of the
ipsilateral hind paw decreased, showing increased sensitivity
to radiant heat (p < 0.05, Fig. 1B). Fig. 1C showed the cold-
allodynia responses of each group. After CCI, themean time of
response showed a peak on day 7 and then decreased gradually.

3.2 CCI reduced the expression of L1 protein
in spinal cord

To explore L1 during NP, we examined the expression of
protein in L5 spinal cord by western blotting (Fig. 2A). The
level of L1 decreased over time after CCI surgery compared
with the sham group (p < 0.05, Fig. 2B), indicating that L1
may be involved in the pathological process of CCI-induced
NP.

3.3 Intrathecal injection of Tacrine alleviates
CCI-induced pain hypersensitivity

We tested the effect of Tacrine on alleviating pain and inflam-
mation caused by CCI through behavioral test. The chemical
structure of Tacrine was shown in Fig. 3A. There was no
variation in PWF between groups before surgery (Fig. 3B).
Mice subjected to CCI injury showed persistent mechanical
allodynia compared to the sham group (p < 0.05). However,
administration of Tacrine resulted in an obvious decrease in
PWF in comparation with the CCI vehicle group (p < 0.05).
Data showing the effects of Tacrine on PWTL is presented in
Fig. 3C. There was no significant between-group difference
(p > 0.05) in PWTL before CCI surgery. Compared with
the sham group, the CCI mice were obviously more sensitive
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FIGURE 4. Tacrine changed the expression of CGRP and NF200 after CCI-injury. (A) Anti-CGRP immunostaining was
carried out transverse spinal sections in sham group (A-a), CCI group (A-b) and CCI + Tacrine group (A-c). Statistical analysis
of integrated density of anti-CGRP fiber in each group (d, n = 6). (B) Anti-NF200 immunostaining of transverse spinal sections
in sham group (B-a), CCI group (B-b) and CCI + Tacrine group (B-c). Statistical analysis of numbers of NF200 in each group (n
= 6). *p < 0.05, **p < 0.01 versus the sham group; #p < 0.05, ##p < 0.05 versus the CCI group. Scale bars indicated 200 µm.

to the radiant heat over 28 days after injury. However, the
mice receiving Tacrine exhibited a significantly longer effect
than did the CCI group (p < 0.05) (Fig. 3C). Different groups
of mice were also given the cold plate test (Fig. 3D). The
mice did not show any significant between-group difference
in the baseline data. After CCI, the vehicle group number
of responses was markedly increased, especially on Day 7
post surgery, whereas, the Tacrine group (250 nmol/d) showed
significantly fewer responses (p < 0.05) (Fig. 3D). From the

behavioral results above, it seems clear that Tacrine alleviated
CCI-induced pain hypersensitivity.

3.4 Tacrine changed the expression of CGRP
and NF200 in spinal cord

We studied nociceptive fibers by using anti-calcitonin, gene-
related peptide (CGRP) immunostaining. As shown in Fig. 4A,
a,b,c, CGRP-positive fibers mostly terminated in lamina I of
spinal dorsal horn. The positive expression of CGRP was
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FIGURE 5. Tacrine depressed the activation of astrocytes after CCI-injury. (A) Representative immunofluorescence
staining of the astrocytic marker GFAP and the nucleus marker DAPI on the ipsilateral spinal cord (scale bar 50T µm) in each
group were shown. (B) Statistical analysis of integrated density of GFAP in each group (n = 6). (C) GFAP expression in spinal
cord detected by western blotting after CCI. (D) Statistical analysis of the differences between groups (n = 6). *p < 0.05; #p <

0.05, versus the CCI group.

increased in the vehicle group when compared to the sham
group (Fig. 4A, a,b); intrathecal injection of Tacrine attenuated
the expression of CGRP in the spinal dorsal horn (Fig. 4A,
b,c). Statistical result of the density of CGRP-positive fibers
between groups was shown in Fig. 4A, d. NF200 protein
not only reflects the neuronal cytoskeleton but also reflects
the functional status after injury. As shown in Fig. 4B, we

found that administration of Tacrine increased the expression
of NF200 in the superficial layers of spinal cord. The results
indicate that Tacrine exerts therapeutic effects on neuropathic
pain after CCI.
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FIGURE 6. Tacrine decreased the expression of IBA-1 after CCI-injury. (A) Representative immunofluorescence of the
microglial marker IBA-1 on the ipsilateral spinal cord (scale bar 50 µm) in each group were shown. (B) Statistical analysis of
integrated density of in each group (n = 6). (C) IBA-1 expression in spinal cord detected by western blotting after CCI. (D)
Statistical analysis of the differences between groups (n = 6). *p < 0.05, **p < 0.01 versus the sham group; #p < 0.05, versus
the CCI group.

3.5 Administration of Tacrine significantly
suppressed the activation of astrocytes and
microglia induced by CCI

The activation of glial cells was evaluated by immunoflu-
orescence staining and western blotting. We observed that
GFAP detected by immunofluorescence staining was highly
expressed after CCI and was decreased after treatment with

Tacrine (Fig. 5A). The statistical result of GFAP in each group
was shown in Fig. 5B. The protein content of GFAP in each
group was detected by western blotting (Fig. 5C); we detected
that the level of GFAP protein increased in CCI mice, and
Tacrine decreased the expression of GFAP after CCI from
2.54 ± 0.19 to 2.01 ± 0.02 (p < 0.05) (Fig. 5D). It was also
detected that IBA-1, examined by immunofluorescence stain-
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FIGURE 7. Tacrine decreased the level of IL-1β, IL-6 and TNF-α in spinal cord but not in serum. (A) Spinal cord level
of IL-1β. (B) Spinal cord level of IL-6. (C) Spinal cord level of TNF-α. (D) Blood plasma level of IL-1β. (E) Blood plasma of
IL-6. (F) Blood plasma of TNF-α. Values represent mean ± SEM (n = 6). *p < 0.05, **p < 0.01 versus the sham group; #p <

0.05, versus the CCI group.

ing, was obviously increased after CCI but reduced sharply
after treatment with Tacrine (Fig. 6B). There was a consistent
relationship between IBA-1 and GFAP. Furthermore, IBA-1
protein level was examined by western blotting (Fig. 6C), and
was found to decrease from 1.87 ± 0.13 in CCI group to 1.52
± 0.096 (p < 0.05) in the Tacrine group (Fig. 6D). The result
verified that Tacrine suppressed the activation of glial cells
after CCI.

3.6 Administration of Tacrine significantly
reduced the pro-inflammation cytokines in
ipsilateral spinal cord but not in serum after
CCI
Glia reaction is an important indicator of neuroinflammation
after NP and should be associated with changes of cytokines.
To test this, levels of IL-1β (Fig. 7A,D), IL-6 (Fig. 7B,E), and
TNF-α (Fig. 7C,F)were examined by ELISA in both ipsilateral
spinal cord and serum on day 28 after CCI. NP induced an
obvious increase of IL-1β (p < 0.01), IL-6 (p < 0.01) and
TNF-α (p < 0.01) in ipsilateral cord but not in serum (p >

0.05). CCI may have induced local inflammation but not
affected systemic inflammation. After the administration of
Tacrine, levels of these pro-inflammatory cytokines in spinal
cord significantly decreased. The empirical result shown was
that the neuroinflammation induced by CCI was mainly in-
volved in ipsilateral spinal cord, and intrathecal injection of
Tacrine significantly alleviated NP possibly by reducing pro-
inflammation cytokines.

3.7 The administration of Tacrine inhibits
the JAK2/STAT3 signaling pathway in
CCI-induced NP
The JAK2/STAT3 signaling pathway is a critical mediator
influenced by cytokines in the neuroinflammation [26]. There-

fore, inhibition of the JAK2 signaling pathway is an important
strategy for alleviating neuropathic pain. To assess whether
the administration of Tacrine after CCI imposes any effect
on JAK2/STAT3 signaling, we studied JAK2- and STAT3-
immunoreactive cells by immunofluorescence of spinal sec-
tions and detected their protein expression. Only a few neurons
(NeuN-positive) were positive for JAK2 in the sham group.
However, CCI induced JAK2 expression in a higher num-
ber of spinal neurons (Fig. 8A). After intrathecal injection
of Tacrine, the JAK2-positive neurons decreased compared
with the vehicle group. To further confirm these results, we
collected samples and performed western blotting (Fig. 8B).
As shown in Fig. 8C, the CCI obviously increased the ex-
pression of JAK2 compared with the sham group (p < 0.01),
whereas the elevation of JAK2 was inhibited by Tacrine (p
< 0.05). Similarly, CCI induced the increased expression
of STAT3 in spinal neurons (Fig. 8D), and an elevation of
STAT3 protein (Fig. 8E), whereas Tacrine resulted in a down-
regulation of STAT3 including less STAT3-immunoreactive
neurons and lower levels of proteins than the CCI group (p
< 0.01) (Fig. 8F). These data suggest that intrathecal injection
of Tacrine effectively inhibits the JAK2/STAT3 signaling path-
way, which consequently contributes to alleviation of NP.

4. Discussion

Previous studies have reported that Tacrine promoted rapid the
recovery from spinal cord injury of locomotor activities in both
larval and adult zebrafish. Tacrine treatment upregulated the
expression of L1 [23]. In the present study, we demonstrated
that Tacrine could exert a significant effect on alleviating
mechanical allodynia and cold and heat hyperalgesia, and
that it also inhibited glial activation and the expression pro-
inflammation cytokines. Tacrine may be involve the recovery
progress from neuropathic pain by mimicking the effect of L1.
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FIGURE 8. The effect of Tacrine on the expression of JAK2/STAT3 in spinal cord. (A) Representative immunofluorescence
staining of JAK2, the neuron marker Neu-N and add the nucleus marker DAPI overlay to formMerge (scale bar 50 µm). (B) JAK2
expression in spinal cord detected by western blotting of each group. (C) Statistical analysis of the protein differences between
groups (n = 6). (D) Representative immunofluorescence staining of STAT3, the neuron marker Neu-N and add the nucleus marker
DAPI overlay to formMerge (scale bar 100 µm). (E) STAT3 expression in spinal cord detected by western blotting of each group.
(F) Statistical analysis of the protein differences between groups (n = 6).

CGRP, as an important mediator of pain, is distributed
widely in both the peripheral and central nervous systems [27].
In mice, CGRP plays a pronociceptive role in response to

both mechanical and thermal stimuli [28]. Our data show that
CGRP-positive nociceptive fibers became markedly denser in
spinal dorsal horn after CCI. Conversely, the density of CGRP-
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positive fibers was significantly lower after the administra-
tion of Tacrine. NF200 proteins reflect the morphology and
functional status of neurons [29]. These data implied the
potential antinociceptive effect of Tacrine in neuropathic pain
mice. Moreover, Tacrine might support favorable conditions
for functional reconstruction after CCI injury.
This project used the CCI model of neuropathic pain

because it involves both components of neuroinflammation
with increasing levels of pro-inflammatory cytokines
[30]. Hence, spinal cytokine modulation could induce
and specifically block mechanisms that prevent behavioral
hypersensitivity [31, 32]. Neuroinflammation is primarily
characterized by the presence of major cytokines, such
as interleukin-1β (IL-1β), interleukin-6 (IL-6) and tumor
necrosis factor-α (TNF-α) [33]. Other studies have also
reported the role of IL-6 in the pathogenesis of NP [34, 35].
Satellite glial cells express IL-6 and corresponding receptors
in the rat neuropathic pain model [30]. In our project, IL-1β,
IL-6 and TNF-α reached maximum levels on day 7 after
nerve injury and remained at a high level until day 28. We
detected that the expression of IL-1β, IL-6 and TNF-α in
spinal cord was down-regulated after intrathecal Tacrine
injection. Furthermore, we presume that Tacrine decreased
the expression cytokines by inhibiting the proliferation and
activation of glial cells. Regulation of the activation state of
glial cells has emerged as a key mechanism in NP, with it
being particularly characterized by the synthesis and release
of inflammatory cytokines able to modulate synaptic activity
and further modulate pain sensitivity [36, 37]. Our findings
can be explained by a neuroinflammatory response resulting
in the sensitization of nociceptive neurons and neuropathic
pain [38, 39].
Recent studies have shown that some anti-inflammation

analgesics exert anti-nociception via a signaling cascade re-
sponse [40]. JAK2, as one of cytoplasmic tyrosine kinases, is
associatedwith cytokine receptors and catalysts of downstream
STAT3 activation [41]. The over-activated JAK2/STAT3 sig-
nal pathway may then ignite the neuropathic pain cascade by
facilitating interaction with cytokines. However, there are few
reports on the potential role of L1 agonist on JAK2/STAT3
signaling regulation. In our study, Tacrine treatment reversed
the expression of JAK2/STAT3 signal pathway, which had
shown a marked increase after CCI surgery. Tacrine might
have protective effects via the suppression of cytokines and
the blockade of JAK2-mediated activation of STAT3. We
thereby inferred that the JAK2/STAT3 signaling pathway is
the probable mechanism leading to the protective effects of
Tacrine in the mouse CCI model.
In summary, our present study demonstrated the involve-

ment of glial cell over-activation and neuro inflammation in
the mouse CCI model. Treatment with Tacrine mitigated
pain sensitization, reduced the expression of inflammatory
mediators, and inhibited the JAK2/STAT3 pathway after CCI
injury.

5. Conclusions

Tacrine, which is a small organic compound, is able to mimic
the cell adhesion molecule L1. When tacrine treatment was

provided throughout the development of neuropathic pain, it
exhibited analgesic properties in mechanical allodynia, heat
hyperalgesia and cold allodynia. Furthermore, its effect was
due to its anti-inflammation property. We demonstrated that
Tacrine successfully decreased the level of IL-1β, IL-6 and
TNF-α in spinal cord tissues but not in blood plasma. Tacrine
also significantly depressed the activation of astrocyte and
microcyte in superficial laminae of spinal dorsal horn and
inhibited the JAK2/STAT3 signal pathway after peripheral
nerve injury. Therefore, Tacrine is a feasible treatment for neu-
ropathic pain. Further investigation is required to investigate
the potential clinical applications of the finding.
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