Acta Physiologica Sinica, April 25,2021, 73(2): 223-232 223
DOI: 10.13294/.aps.2020.0094  http://www.actaps.com.cn

Original Article

GluN2B-BDNF pathway in the cerebrospinal fluid-contacting nucleus
mediates nerve injury-induced neuropathic pain in rats
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Abstract: The present study was aimed to investigate the role of GluN2B-BDNF pathway in the cerebrospinal fluid-contacting nucleus
(CSF-CN) in neuropathic pain. Intra-lateral ventricle injection of cholera toxin subunit B conjugated with horseradish peroxidase (CB-
HRP) was used to label the CSF-CN. Double-labeled immunofluorescent staining and Western blot were used to observe the expres-
sion of GluN2B and BDNF in the CSF-CN. Chronic constriction injury of sciatic nerve (CCI) rat model was used to duplicate the
neuropathic pain. Pain behavior was scored to determine the analgesic effects of GluN2B antagonist Ro 25-6981 and BDNF neutralizing
antibody on CCI rats. GluN2B and BDNF were expressed in the CSF-CN and their expression was up-regulated in CCI rats. Intra-lateral
ventricle injection of GluN2B antagonist Ro 25-6981 or BDNF neutralizing antibody notably alleviated thermal hyperalgesia and
mechanical allodynia in CCI rats. Moreover, the increased expression of BDNF protein in CCI rats was reversed by intra-lateral ventricle
injection of Ro 25-6981. These results suggest that GluN2B and BDNF are expressed in the CSF-CN and alteration of GluN2B-BDNF
pathway in the CSF-CN is involved in the modulation of the peripheral neuropathic pain.
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The distal cerebrospinal fluid-contacting neurons
(dCSF-CNs) are a peculiar cell type of the central
nervous system, with somata in the parenchyma of the
brain and projections extending into the cerebrospinal
fluid (CSF) in the cavity of the ventricle in the central
nervous system '), With proper tracers, such as cholera
toxin subunit B conjugated with horseradish peroxidase
(CB-HRP), the dCSF-CNs can be easily identified from
the non-CSF-CNs in the parenchyma of the brain. By
injecting CB-HRP into the lateral ventricle (LV), the
dCSF-CNs were found to be localized in the ventral
periaqueductal gray (PAG) of the brainstem, which
formed the cerebrospinal fluid-contacting nucleus (CSF-
CN) ™. Previous studies indicated that CSF-CN was
involved in pain transmission and modulation in rat models
of inflammatory and neuropathic pain ™ *. However,
the cellular mechanisms underlying nerve injury-induced
neuropathic pain in CSF-CN are poorly understood.
There is compelling evidence for the involvement of
the NMDA receptors (NMDARs) in the development
of chronic pain, in particular neuropathic pain ° 7.
Prolonged nociceptive stimulation will activate and
up-regulate the NMDARs, causing enhanced and
amplified trafficking of pain signals to central sites
(central sensitization) '’ NMDAR antagonists effec-
tively reduce neuropathic pain, but serious side effects
prevent their use as therapeutic drugs . Functional
NMDARs are heteromultimeric complexes that are
comprised of at least two types of subunits, the struc-
ture subunit GluN1 and the modulatory subunit NR2A-D
in the central nervous system "”. GluN1/GluN2B
NMDAR is important for the treatment of chronic pain.
This receptor type is restricted to areas involved in pain
signaling """ '*. The GIluN2B plays a crucial role in central
pain pathways and inhibition of this receptor by selective
NMDAR antagonists may produce analgesia. Previous
studies showed that intrathecal injection of GluN2B
antagonist increased the mechanical nociceptive threshold
after spinal cord injury without motor depression !> '¥.
Despite the presence of GIuN2B receptors in the dorsal
horn, the selective GIuN2B antagonist did not antagonize
the response of dorsal horn neurons to NMDA and did
not block wind-up, which indicated that the GluN2B
selective compounds had a supraspinal site of antinoci-
ceptive action "*. Since CSF-CN plays an important
role in processing pain-related information, it raises the
possibility that GluN2B expression is altered in the
CSF-CN after peripheral nerve injury and targeting
GIuN2B in the CSF-CN could be an effective way to

Acta Physiologica Sinica, April 25,2021, 73(2): 223-232

treat neuropathic pain. Therefore, we hypothesize that
CSF-CN may be one of the central locations where
the selective GluN2B antagonist mediates its analgesic
effect.

Previous studies indicated that brain-derived neuro-
trophic factor (BDNF) had a crucial role in the devel-
opment of neuropathic pain "', Increased BDNF in
the spinal dorsal horn was likely to be associated with
the initiation of neuropathic pain. Inhibition of BDNF
with anti-BDNF antibody alleviated nerve injury-
induced mechanical allodynia """, Central sensitization
induced by BDNF is a dose-independent, all-or-none
process. BDNF alone is sufficient for generating a
long-lasting neural excitability change in the spinal
cord via tyrosine kinase B receptor signaling ™. Studies
also showed that BDNF in spinal cord contributes to
the development and maintenance of neuropathic pain
through the activation of GluN2B in the dorsal horn '),
So far, there are few studies exploring whether or not
BDNF plays a similar role in CSF-CN.

This research aimed to provide further insight into
the mechanism of GIuN2B in the CSF-CN involving in
pain processing. Firstly, we examined the distribution
of GluN2B in the CSF-CN and assessed the variation
trend of GIuN2B protein expression in the CSF-CN in
chronic constriction injury (CCI) model of neuropathic
pain. Thereafter, we tested the hypothesis that the anal-
gesic effects of Ro 25-6981, a GluN2B antagonist, in
CCl rats are mediated centrally in the CSF-CN. Finally,
whether BDNF in the CSF-CN participates in nerve
injury-induced neuropathic pain and how inhibition of
GluN2B influences the alteration of BDNF were inves-
tigated. Our results demonstrate that GluN2B and
BDNF are up-regulated in the CSF-CN, and GIuN2B-
BDNF pathway is involved in the modulation of the
peripheral nerve injury.

1 MATERIALS AND METHODS

1.1 CCI surgery

Adult male Sprague-Dawley rats weighing 200-250 g
were obtained from the experimental animal center,
Xuzhou Medical College. The SPF grade rats were
maintained in climate and light-controlled [(23 + 1) °C,
12 h/12 h dark/light cycle with light on at 08:00 h] for
at least one week prior to the experiments. The surgical
procedure was performed according to the methodology
previously described by Bennett and Xie **. Rats were
anesthetized with 10% chloral hydrate (300 mg/kg,
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1.p.). The sciatic nerve was exposed by blunt dissection,
and four loose ligatures of sterilized 2-0 silk thread
were tied around the sciatic nerve. The wound was
closed and secured with suture clips. For sham-operated
animals, the same surgical procedure was followed, but
no ligatures were applied. Rats exhibiting postoperative
neurological deficits or poor grooming were excluded
from the experiments. All procedures were carried out
in accordance with the institutional guidelines for animal
care and use. All efforts were made to minimize both
the suffering and number of animals used.

1.2 Behavioral tests

1.2.1 Thermal hyperalgesia
The method of Hargreaves et a
paw withdrawal latency to a thermal nociceptive stimulus.

23
1. ¥ was used to assess

To assess thermal nociceptive responses, a plantar anal-
gesia instrument (BME2410A, Institute of Biological
Medicine, Academy of Medical Science, China) was
used. Animals were placed in individual plastic boxes
and allowed to adjust to the environment for 30 min.
Five measurements of thermal nociceptive threshold
were taken for each rat, at 5 min intervals, and the
mean of 5 measurements was regarded as thermal with-
drawal latency (TWL). A 20 s cutoff was used to pre-
vent tissue damage.

1.2.2 Mechanical allodynia

The mechanical allodynia was assessed according to
the method of Chaplan et al. ** by Von Frey test. Each
rat was placed in a clear plastic box (20 cm x 17 cm x
13 cm) with a wire mesh floor and allowed to habituate
for 30 min prior to testing. Von Frey filaments (Stoelt-
ing, Wood Dale, IL, USA), 1.4-15 g bending force,
were applied to the midplantar skin of the hind paw
with each application holding for 6 s. The mechanical
withdrawal threshold (MWT) was measured by using
up-down method ',

1.3 Drugs administration

We carried out the drug evaluation on the 7th day after
nerve injury, when CCI rats were at peak levels of
behavioral sensitization. The behavior tests were
performed immediately before (0 h) and at 1, 3, 6, 12 h
after administration. Ro 25-6981 and anti-BNDF anti-
body (Millipore, USA) were dissolved in 0.01 mol/L
phosphate-buffered saline (PBS, pH 7.4). Rats were
anesthetized with 10% chloral hydrate (300 mg/kg, i.p.)
and the head fixed in a stereotaxic instrument (Nar-
ishige Scientific Instruments, Tokyo, Japan). A 3 puL
volume of either drugs was injected into one LV

according to stereotaxic coordinates [Bregma: (—1.2 +
0.4) mm, Depth: (3.2 = 0.4) mm, Right of median
sagittal plane: (1.4 + 0.2) mm].

1.4 Double-labeled immunofluorescence staining
For retrograde labeling of CSF-CN, 3 puL 30% CB-HRP
(Sigma, USA) was injected into the LV 48 h before
tissue processing. Rats were deeply anesthetized with
10% chloral hydrate (400 mg/kg, i.p.) and perfused
transcardially with 0.01 mol/L PBS (150 mL, pH 7.4),
which was followed by 4% paraformaldehyde in 0.1
mol/L phosphate buffer (PB, 300 mL, pH 7.4) for fixa-
tion. The brainstem was harvested and post-fixed over-
night in the same fixative and then cryoprotected in
30% sucrose in 0.1 mol/L PB until tissue blocks sank
to the bottom. Sections were cut on a cryostat (Leica
CM1900, Germany) at 40 um in the transverse plane.
Double-labeled immunofluorescence staining was
used to assess if GluN2B or BDNF was expressed in
the CSF-CN. Sections were blocked with normal don-
key serum for 30 min at room temperature and incubated
with primary antibodies overnight at 4 °C. Primary
antibodies included goat anti-cholera toxin B-subunit
(1:400, Millipore), rabbit anti-GluN2B (1:200, Abcam,
UK), and rabbit anti-BDNF (1:200, Millipore). Sec-
tions were then incubated for 2 h at room temperature
with a corresponding Alexa Fluor 488-conjugated or
Alexa Fluor 594-conjugated secondary antibody (1:200,
Invitrogen, USA). Images were obtained using a confocal
laser microscope (FV1000; Olympus, Tokyo, Japan).
1.5 Western blot
Equal amounts of protein (60 pg) from the CSF-CN of
rats was subjected to 8% SDS-PAGE gels and then
transferred to a PVDF membrane. The membrane was
blocked with 3% bovine serum albumin (BSA) for 2 h
at room temperature, and then incubated overnight at
4 °C with rabbit anti-GluN2B (1:1000), rabbit anti-BDNF
(1:1000), and anti-B-tubulin (1:1000, Sigma, USA) as a
loading control. The membrane was incubated in the
appropriate alkali phosphatase-conjugated goat anti-
rabbit IgG (1:1000, Sigma) for 2 h at room tempera-
ture. Then, the protein band was visualized by the
BCIP/NBT Alkaline Phosphatase Color Development
Kit. Developed films were digitized using an Epson
Perfection 2480 scanner (Seiko Corp., Nagano, Japan).
Optical densities of detected proteins were obtained
using Imagel.

1.6 Statistical analysis
Values were expressed as mean = SEM. All statistical
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tests were undertaken in SPSS v.16.0. Results were 2 RESULTS

analyzed by Student’s #-test or one-way analysis of

variance (ANOVA) followed by Student-Newman- 2.1 Distribution of GluN2B in the CSF-CN of
Keuls (SNK) test to determine differences among the =~ normal rats

groups. Values of P < 0.05 or P < 0.01 were considered ~ To label dCSF-CNs, we applied the fluorescent tracer
statistically significant. CB-HRP to the LV in adult rats. Consistent with previ-

CB-HRP GIuN2B Merge

Fig. 1. Distribution of GIuN2B in the CSF-CN in the normal SD rats. 4: Low-magnification confocal images showing single labeling
of CB-HRP and GluN2B, and double labeling of these two molecules in the CSF-CN. Aq, aqueduct. Scale bar, 60 um. B: High-magni-
fication confocal images of CSF-CN area. Arrows indicate double labeled neurons. Scale bar, 20 pm.
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Fig. 2. Assessment of behavioral tests and alteration of GluN2B protein expression in the CSF-CN in CClI rats. 4 and B: Time course
of values for thermal withdrawal latency (TWL) measured by hot plate test and mechanical withdrawal threshold (MWT) measured
by Von Frey filament assay. The CCl-operated rats developed significant thermal hyperalgesia and mechanical allodynia from day 3 to
day 14. P < 0.01 compared with sham-operated rats (n = 6). C: Protein levels of GluN2B at different time points after CCI operation.
Control indicates the values of normal rats. P < 0.01 compared with control (n = 6). Mean + SEM.
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ous reports, we found that the majority of CB-HRP
labeled neurons (green) were localized in the ventral
PAG of the brainstem, which formed CSF-CN. To
examine whether dCSF-CNs express GIuN2B, we used
double-labeled immunofluorescence technique. We
observed that GluN2B immunoreactive neurons (red)
were distributed near the midline of the ventral mesen-
cephalic aqueduct (Aq) and the majority of them were
found in CSF-CN. The double-labeled neurons of
GluN2B/CB-HRP (yellow) indicated that GluN2B
existed in CSF-CN (Fig. 1).

2.2 Alteration of GluN2B protein expression in the
CSF-CN following CCI

To investigate whether the alteration of GIuN2B level
in CSF-CN is related to the mechanism of neuropathic
pain, we firstly explored the behavioral performance of
hyperalgesia after CCI. Thermal hyperalgesia was mea-
sured using the hot plate test. Compared with baseline,
the values for TWL of CCI rats decreased significantly
from day 3, and reached the minimum on day 7, and
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remained decreased on day 14 following ligation (Fig.
2A4). Mechanical allodynia was assessed by Von Frey
filament assay. Time course of CCl-induced mechanical
allodynia was the same as that of CCI-induced thermal
hyperalgesia. Values for MWT of CCI rats began to
decrease on day 3, and reached a minimum on day 7,
and remained decreased on day 14 post-surgery (Fig.
2B). It can be seen that thermal hyperalgesia and
mechanical allodynia began on day 3 following CCI
and maintained at the peak from day 7 to day 14 after
ligature placement.

Injury-induced alteration of GIuN2B level in the
CSF-CN could underlie the development of behavioral
sensitivity. Therefore, we assessed the alteration of
gross expression of GluN2B protein in the CSF-CN by
Western blot analysis on day 1, 3, 7, and 14 after CCI.
Analysis revealed that expression of GluN2B protein
level increased notably on day 3, and reached the peak
on day 7, and remained elevated on day 14 after nerve

injury (Fig. 2C).
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Fig. 3. Effects of Ro 25-6981 (a GluN2B antagonist) on CCI-induced thermal hyperalgesia and mechanical allodynia. Ro 25-6981
(10-300 pg/kg) was injected on day 7 after the CCI operation. Intracerebroventricular (ICV) injection of Ro 25-6981 dose-dependently
increased the values for thermal withdrawal latency (TWL, 4) in response to noxious thermal stimulus and values for mechanical
withdrawal threshold (MWT, B) in response to noxious mechanical stimulus in CCI rats. P < 0.05 and “"P < 0.01 compared with CCI

group injected with PBS (n = 6). Mean + SEM.
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2.3 Selective GluN2B antagonist attenuated thermal
hyperalgesia and mechanical allodynia

Our results showed that GIuN2B expression was
increased in the CSF-CN after nerve injury, suggesting
that inhibition of GluN2B subunit in the CSF-CN may
alter CCl-induced behavioral responses. To test this
hypothesis, we injected a selective GluN2B antagonist,
Ro 25-6981 into the LV of CCI rats on the 7th day after
the establishment of pain model, when CCI rats were at
peak levels of behavioral sensitization. The behavioral
tests revealed that intracerebroventricular (ICV) injection of
300 pg/kg or 100 pg/kg, but not 10 pg/kg, Ro 25-6981
significantly increased the values for TWL in response
to noxious thermal stimulus and values for MWT in
response to noxious mechanical stimulus in CCI rats. ICV
administration of Ro 25-6981 (100-300 pg/kg) signifi-
cantly inhibited the reduction of TWL and MWT after
CClI at 1 and 3 h after administration. The effects of Ro 25-
6981 disappeared by 12 h after administration (Fig. 3).
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2.4 Blocking BDNF signaling suppressed nerve
injury-induced neuropathic pain

Previous studies indicated that increased expression
and secretion of BDNF had been implicated in injury-
induced neuropathic pain in the sensory system **. To
determine whether BDNF signaling in the CSF-CN is
required for development and maintenance of neuro-
pathic pain, we tested the dose-response effects of ICV
injection of a neutralizing antibody against BDNF on
day 7 after CCI. Acute administration of the antibody
(10-50 pg, ICV) completely reversed the reduction of
PWL and MWT induced by CCI at 1 and 3 h after
administration. The effects of anti-BDNF antibody
disappeared by 12 h after administration (Fig. 4).

2.5 Changes of BDNF signaling in the CSF-CN of
CClI rats

We have found that the BDNF signaling was involved
in the development of the hyperalgesia induced by CCI.
In order to further elucidate the role of BDNF signaling
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Fig. 4. Effects of a neutralizing antibody against BDNF on CCl-induced thermal hyperalgesia and mechanical allodynia. Anti-BDNF

antibody (1-50 pg) was injected on day 7 after the CCI operation. ICV injection of anti-BDNF antibody dose-dependently increased

the values for thermal withdrawal latency (TWL, 4) in response to noxious thermal stimulus and values for mechanical withdrawal

threshold (MWT, B) in response to noxious mechanical stimulus in CCI rats. "P < 0.05 and ~ P < 0.01 compared with CCI group

injected with PBS (n = 6). Mean = SEM.
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in the CSF-CN in the mechanism of chronic neuropathic
pain, we carried out the double-labeled immunofluores-
cence technique and Western blot analysis. The dou-
ble-labeled immunofluorescence staining revealed that
BDNF immunoreactive neurons distributed predomi-
nantly in the CSF-CN (Fig. 54, B). The Western blot
analysis suggested that the expression of BDNF protein
was increased significantly on day 1 and remained
elevated 14 days after nerve injury (Fig. 5C).

2.6 Effects of the selective GluN2B antagonist on
regulation of BDNF signaling in CCI rats
Considering Ro 25-6981 could greatly change the
behavioral sensitization of CCI rats, whether the influ-
ence of the selective GIuN2B antagonist on neuropathic

BDNF s s

BDNF

reflex sensitization was relevant to the alteration in
BDNF level was our next concern. To determine the
role of inhibition of GluN2B in regulation of BDNF
signaling, Western blot analysis was used to examine
the expression of BDNF protein in CSF-CN at 1 h after
ICV application of Ro 25-6981 (300 pg/kg) on day 7
following CCI. We observed that the expression of
BDNF protein in CSF-CN increased significantly on
day 7 after CCI and the increased expression was
reversed by ICV injection of Ro 25-6981 (Fig. 6).

3 DISCUSSION

In this study, we used CB-HRP, a fluorescent tracer
which did not pass through the spaces of the ependyma
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Fig. 5. Changes of BDNF signaling in the CSF-CN in CCI rats. 4: Low-magnification confocal images showing single labeling of CB-
HRP and BDNF, and double labeling of these two molecules in the CSF-CN. Aq, aqueduct. Scale bar, 60 um. B: High-magnification
confocal images of CSF-CN area. Arrows indicating double labeled neurons. Scale bar, 20 um. C: Protein levels of BDNF at different

time points after CCI operation. Control indicates the values of normal rats. ~P < 0.01 compared with control (n = 6). Mean = SEM.
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Fig. 6. The effects of the selective GluN2B antagonist on reg-
ulation of BDNF signaling in CCI rats. Western blot analysis
indicated that ICV injection of Ro 25-6981 (Ro, 300 pg/kg)
significantly reduced the expression of BDNF in the CSF-CN on
day 7 after CCI operation. P < 0.01 compared with sham+PBS
(n=06). Mean + SEM.

and diffused into the parenchyma when injected into
the ventricle of the brain, to retrogradely label CSF-CN
in adult rats. This approach allowed us to discern the
protein expression profiles of CSF-CN. The results
showed that the CSF-CN was predominantly localized
in the ventral PAG of the mesencephalon, both GluN2B
and BDNF were distributed near the Aq, and the major-
ity of them were found in the CSF-CN. Moreover, we
found CCI rats exhibited increased levels of GluN2B
and BDNF protein in the CSF-CN and both selective
GluN2B antagonist Ro 25-6981and anti-BDNF anti-
body completely reversed the CCl-induced thermal
hyperalgesia and mechanical allodynia when admin-
istered after the development of neuropathic pain.
These findings provide the convergent evidence that the
peripheral nerve injury induces up-regulation of
GIluN2B and BDNF protein expression in the CSF-CN
and that increased expression therein is essential for the
development and maintenance of nerve injury-induced
neuropathic pain.

Considering the special structure properties of CSF-
CN and its locations within ventral PAG, which consti-
tutes a pain-control system that descends from the brain
onto the spinal cord, it raises the possibility that CSF-
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CN may participate in injury-induced hyperalgesia
through nonsynaptic signal transmission via releasing
or absorbing bioactive substances. Our previous studies
indicated that regulation of substance P, drebrin, and
5-HT1A expression contributed to nerve injury-induced
inflammatory and neuropathic pain ", There is
emerging evidence that NMDARs, especially GIluN2B-
containing NMDAR, are thought to play important
roles in the processes of central sensitization and patho-
genesis of neuropathic pain ""*). However, little is
known about the roles of GIuN2B in the CSF-CN and
its downstream targets in processing the nerve injury-
induced neuropathic pain.

NMDARs undergo plastic changes in physiological
or pathological conditions """, The changes in
NMDAR subunit composition also have consequences
for activity dependent plasticity '*. Previous research
has shown that transgenic overexpression of GluN2B
subunits in the PAG increases behavioral responses to
persistent inflammatory pain . Selective inhibition of
GluN2B in spinal dorsal horn effectively alleviated
spinal cord injury-induced neuropathic pain, suggesting
the up-regulation of GIuN2B function was involved in
central sensitization "), In the present study, we
demonstrated that changes of GIuN2B expression in the
CSF-CN was sufficient for the development of injury-
induced thermal hyperalgesia and mechanical allodynia.

To investigate whether BDNF signaling in the CSF-
CN contributes to the incidence of thermal hyperalgesia
and mechanical allodynia, we examined the effects of
anti-BDNF antibody on the CCl-induced pain behav-
iors. ICV injection of the anti-BDNF antibody inhibited
the pain behaviors, suggesting that BDNF signaling is
involved in the nerve injury-induced thermal hyperal-
gesia and mechanical allodynia. This is further support-
ed by the finding that the expression of BDNF protein
in the rat CSF-CN was increased after CCI, and this
increased expression was reversed by ICV injection of
Ro 25-6981, which attenuated the CCI-induced pain
behavior. Recent experiments revealed that the BDNF
signaling played an important role in the processes of
central sensitization and pathogenesis of neuropathic
pain “**!. In the CCI model, the sciatic nerve transection
model, the spinal nerve ligation model and the spinal
nerve transection model of neuropathic pain, increases
in BDNF signaling activity were visualized in the
superficial dorsal horn ", Taken together, these findings
suggest that BDNF signaling in CSF-CN contributes to
the incidence of CCl-induced thermal hyperalgesia and
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mechanical allodynia.

Interestingly, the present study results showed that
both CCI-induced pain behaviors and increase of
BDNF signaling were reversed by ICV injection of Ro
25-6981, a selective GluN2B antagonist. Previous stud-
ies also revealed that BDNF signaling pathway in the
spinal cord contributed to the development and mainte-
nance of nerve injury-induced neuropathic pain by acti-
vation of the dorsal horn GluN2B-containing NMDAR .
Thus, the GluN2B-containing NMDAR and BDNF
signaling comprise a local circuit that amplifies the
signal of pain transmission. If sustained production of
these factors after CCI is required for maintenance of
central sensitization, blockade of this circuit by the
GIluN2B antagonist would likely reduce pain excitatory
neurotransmission in the CSF-CN. In present study, we
demonstrated that inhibition of GIuN2B in the CSF-CN
not only alleviated nerve injury-induced thermal hyper-
alesia and mechanical allodynia, but also reversed the
increased expression of BDNF signaling induced by CCIL.
All of these findings indicate that GluN2B antagonists
have analgesic effects on the CCI-induced hyperalgesia
through regulation of BDNF signaling at the CSF-CN
level.

Taken together, our findings provide strong evidence
that up-regulation of GluN2B-containing NMDAR in
the CSF-CN is involved in the modulation of the nerve
injury-induced neuropathic pain. Targeting GluN2B-
BDNF pathway in the CSF-CN may be a useful alter-
native or adjunct therapy for CCIl-induced peripheral
neuropathy.
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