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Increasing evidence suggests that activation of satellite glia cells (SGCs) in sensory ganglia play important roles
in the development of neuropathic pain. The present study aimed to investigate the involvement of SGC activation in a novel model of motor nerve injury induced pain hypersensitivity. The neuropathic pain model was
established by cervical 8 ventral root avulsion (C8VA). Glial ﬁbrillary acidic protein (GFAP) was used as a
marker of SGC activation. Unilateral C8VA resulted in mechanical allodynia, but not thermal hyperalgesia in
bilateral paws. Expectedly, SGCs were robustly activated on as early as 1 day and persisted for at least 7 days in
the ipsilateral and contralateral dorsal root ganglia (DRG) of C6, C7 and C8 after C8VA. Double immunoﬂuorescence showed that almost all the activated SGCs enveloped neuroﬁlament 200 (NF200) positive myelinated neurons in DRG. Local application of ﬂuorocitrate (FC), a glial metabolism inhibitor, signiﬁcantly decreased the number of activated SGCs and alleviated bilateral mechanical allodynia. These results suggest that
SGC activation contributed to ipsilateral and mirror-image pain hypersensitivity after C8VA. Inhibition of SGC
activation represented a promising therapeutic strategy for the management of neuropathic pain following
brachial plexus root avulsion.

1. Introduction
Glial cells participate in physiological and pathological processes of
the central nervous system (CNS) [1–3]. Increasing evidence highlights
that CNS glial cells (e.g. microglia and astrocytes) are implicated in
induction and maintenance of neuropathic pain [4–9]. In the peripheral
nervous system (PNS), somata of sensory neurons are tightly enwrapped by satellite glial cells (SGCs), thereby preventing the synaptic
contacts from each other [10]. Following nerve injury, SGCs undergo
signiﬁcant changes in gene expression and function, which are similar
to those found in the CNS [11–13]. For instance, membrane resistance
of SGCs might be decreased due to increased gap junction coupling after
nerve injury [14]. SGCs also upregulate the production of nerve growth

factor (NGF) and brain-derived growth factor (BDNF) following nerve
injury, which are important neurotrophic factors involved in the
modulation of pain hypersensitivity [15].
Glial ﬁbrillary acidic protein (GFAP) is a marker of the activated
SGCs in PNS [15–17]. It has been demonstrated that GFAP expression is
upregulated in SGCs in various models of neuropathic pain, including
tooth pulp injury [12], nerve transection [14], chronic constriction
injury (CCI) [18,19], partial nerve ligation [11,15], spared nerve injury
and lumbar 4 (L4) or L5 spinal nerve ligation (SNL) [20,21]. However,
the roles of activated SGCs were not addressed in neuropathic pain
following brachial plexus root avulsion.
The brachial plexus is a network of intertwined nerves that control
movement and sensation in the arm and hand. A traumatic brachial
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2.2.2. Sham surgery for C8VA
To rule out the possibility that surgical exposure of the spinal cord
and spinal roots causes allodynia and/or hyperalgesia, a sham C8VA
operation was performed. C8 spinal root was exposed via a surgical
procedure identical to that performed on C8VA, but the ventral root
was not avulsed.
Following the operation, the animals were allowed to survive for 1,
3 and 7 day/days, with eight rats in each postoperative time period.

plexus injury involves sudden damage to these nerves. The number
suﬀering from brachial plexus injuries seems to be growing throughout
the world. Increased participation in high-energy sports and higher
rates of survival from high-speed motor vehicle collisions may contribute to the growing number of these injuries. In addition, brachial
plexus injury can result from a diﬃcult childbirth and is reported to
occur in 0.1–0.4 % of live births [22]. Avulsion of one or more cervical
nerve roots that form the brachial plexus constitutes approximately 70
% of severe brachial plexus injury cases [23]. In addition to loss of
motor functions, the majority of patients with nerve root avulsion also
suﬀer from severe pain [24]. Unfortunately, despite the advances in
pharmacology, surgery and physical therapies, the management of this
type of neuropathic pain is still not satisfactory. In this study, we investigated whether brachial plexus root avulsion by selective motor
ﬁber avulsion induced neuropathic pain and whether SGC activation
contributed to neuropathic pain in adult rats. We reported that neuropathic pain was induced after ventral root injury in adult rats. The roles
of activated SGCs were explored in this type of nerve injury. The
ﬁndings provided evidence that targeting SGCs could be an eﬃcient
approach for the treatment of neuropathic pain following brachial
plexus root avulsion.

2.3. Drug administration
Fluorocitrate (FC) has been used as a glial metabolic inhibitor in
pain-related studies [15,21]. The dose of FC was chosen according to
previous reports [15,21]. FC (Sigma-Aldrich, St. Louis, MO, USA) at
0.084 mmol/L was prepared following the method described by Cheng
CF et al. [15]. The pH of the solution was adjusted to 7.4. Vehicle was
prepared with identical procedure except for adding the FC. Administration of FC or vehicle was applied before C8VRA as described in
previous studies [15].
2.4. Behavioral tests
Pain like responses were tested bilaterally on day 1 before operation
[baseline (BL)] and day 1, 3, 5 and 7 after operation. On each test day,
mechanical allodynia and thermal hyperalgesia were sequentially assessed with a 30-min interval between behavioral tests.

2. Materials and methods
2.1. Animals
Young male Sprague–Dawley rats (8-week-old) were used. All surgical interventions, subsequent care and treatment were approved by
the Animal Experimentation Ethics Committee (AEEC) of The Chinese
University of Hong Kong.

2.4.1. Mechanical allodynia
Mechanical sensitivity of the plantar surface of both fore paws was
evaluated on rats using the Von Frey test which was performed according to the up-down method described by Chaplan et al [29]. Rats
were placed in the individual testing cages for 30 min per day for three
continuous days to adapt the test environment. Before each test, rats
were put into the cage for at least 15 min to acclimate to environment.
The von Frey hairs (Stoelting Co, Thermo, USA) were applied in a
consecutive ascending order (0.4, 0.6, 1, 2, 4, 6, 8, 15, and 26 g) to the
central surface of the fore paw and sustained for 5 s. The ﬁrst hair
applied corresponded to a force of 4 g. Brisk withdrawal or paw
ﬂinching were considered as positive responses. The interval between
each stimulus is not less than 2 min. Five trials were performed on each
fore paw.

2.2. Lesion model and surgical procedures
2.2.1. Unilateral cervical 8 ventral avulsion (C8VA)
Animals were anaesthetized with ketamine (80 mg/kg, i.m.) and
xylazine (8 mg/kg, i.m.). Following laminectomy, the dura mater was
opened and the right spinal roots including the cervical 8 (C8) spinal
roots were exposed under a surgical microscope following procedures
described in our previous studies [25–28]. Right C8 ventral root
(Fig. 1A) was then avulsed by traction with a ﬁne hook. Traction was
exerted in a direction approximately parallel to the natural course of
the roots. Avulsion was checked by visual inspection (Fig. 1B). Care was
taken to avoid damage to the nearby C8 dorsal root. After surgery, all
wounds were irrigated with sterile saline and closed in layers.

2.4.2. Thermal hyperalgesia
Thermal sensitivity was assessed with the method described by Li L
et al. [30]. The rats were placed in test cage for 10 min to acclimatize to
the environment before testing.
Fig. 1. A selective motor ﬁber injury model by C8VA. A-B: The
surgical procedure of C8VA via posterior cervical-thoracic
approach in a rat. A: C8 DRG on the right side and its adjacent
structures before C8VA. B: C8 DRG on the right side and its
adjacent structures after C8VA. “→” shows C8 avulsed ventral
roots. Scar bar = 1 mm.
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A radiant heat source beneath the glass ﬂoor (Basel, Switzerland)
was aimed at the plantar surface of fore paws. Onset of stimulation
activated a timer, which was controlled by a photocell that receives
light reﬂected from the fore paw. The forepaw withdrawal reﬂex interrupts the photocell’s light and automatically stops the timer. The
latency of hand withdrawal response to the heat was then recorded. The
right and left paws of each rat were tested sequentially before another
rat. Each rat was tested for three times with a 5-min interval. The latency was averaged from three testing values.
2.5. Perfusion and tissue processing
At designated time points, animals were deeply anesthetized with a
lethal dose of pentobarbital (50 mg/kg, i.p) and perfused intracardially
with normal saline, followed by 4 % paraformaldehyde in 0.1 M
phosphate buﬀer (PB, pH 7.4). Bilateral C6, C7 and C8 DRGs and spinal
cord were dissected and postﬁxed in the same ﬁxative overnight at 4 °C,
and then placed into 30 % sucrose solution in 0.1 M PB overnight. The
specimens were then sectioned at 10 μm using a cryostat (Thermo
Fisher Scientiﬁc, USA). Sections were then stored at −20 °C refrigerator.
2.6. Immunohistochemical analysis
Immunohistochemistry was performed as described in our previous
reports [25,26]. Sections were incubated with primary antibodies
overnight at room temperature. The names of the antibodies, vendors
and concentrations were presented in the Table 1. For staining of glial
ﬁbrillary acidic protein (GFAP, marker of astrocytes), ionized calcium
binding adaptor molecule 1 (IBA-1, marker of microglia), GFAP/Neuroﬁlament 200 (NF200), GFAP/NeuN, GFAP/Isolectin IB4 and GFAP/
calcitonin gene-related peptide (CGRP), the sections were incubated
with primary antibodies overnight and then the corresponding Alexa
488 or 568-conjugated secondary antibodies (1:800, Molecular probes,
Eugene, OR, USA) for two hours at room temperature. The sections on
gelatin-coated glass slides were then coverslipped in mounting medium
(Dako, Santa Clara, CA, USA). Fluorescent images were captured with a
Zeiss microscope (Zeiss, Gottingen, Germany) equipped with a Spot
digital camera (Diagnostic Instruments, Sterling Heights, MI, USA). To
determine glial activation, ﬁve to seven cross sections of the spinal cord
or DRG were measured for each animal, as described in previous studies
[31].

Fig. 2. The time course of mechanical allodynia and thermal hyperalgesia on
the ipsilateral (ipsi) and contralateral (contra) hind paws after unilateral C8VA.
(A) The mean paw withdrawal thresholds to von Frey plastic ﬁlament stimulation on both ipsilateral (ipsi) and contralateral (contra) sides dropped quickly
after C8VA (n = 8), while in the sham operation group no signiﬁcant change
was detected (n = 6). (B) The mean paw withdrawal latencies to radiant heat
on bilateral fore paws did not change signiﬁcantly in sham operation and C8VA
groups compared with BL (1 day before ligation). Data were presented as
means ± SE. *P < 0.05; **P < 0.01 compared with the naïve and sham operated group, respectively.

SGCs. The Ratio of GFAP-IR encircled neurons (NeuN-IR) to the total
number of neurons (NeuN-IR) in each DRG was calculated, and then
averaged for three ganglia at each time point.

2.7. Image analysis
2.8. Statistical analysis
The percentage of neurons surrounded with GFAP-immunoreactive
(IR) SGCs was calculated at each time point from day 1 to day 7 as
described in previous study [21]. Brieﬂy, three sections were selected
from each DRG with an intervening space of at least 30 μm, thereby
avoiding a neuron to be counted twice. A neuron was counted as positive if more than half of its circumference was encircled by GFAP-IR

All measurements were performed by an individual blinded to the
group assignment. The raw data were expressed as Mean ± SD. Twogroup comparisons were made using two-tailed unpaired Student’s ttest. Multiple-group comparisons were made using One-way ANOVA
with repeated measures. All statistical analysis was performed using

Table 1
Antibodies used in the experiments.
Antibodies

Species

Working dilution

Vendor or producer

GFAP
IBA-1
Neuroﬁlament 200 (NF200)
isolectin B4 (IB4)
calcitonin gene-related peptide (CGRP)
neuron-speciﬁc nuclear protein (NeuN)
Anti-GLAST
Gaot anti-mouse 568
Goat anti-rabbit 488
Goat anti-rabbit 568
Donkey anti-guinea pig 568

Mouse IgG
Rabbit IgG
Rabbit IgG

1:3000
1:3000
1:2000
1:1000
1:1000
1:1000
1:1000
1:800
1:800
1:800
1:800

Sigma
Wako
Sigma
Sigma
Cell Signaling Technology
Abcam
Millipore
Molecular probes
Molecular probes
Molecular probes
Molecular probes

Rabbit IgG
Rabbit IgG
Guinea pig IgG
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In the sham-operated rats, bilateral mechanical and thermal sensitivity showed no signiﬁcant changes compared with the baseline
(Fig. 2A and B). In the rats with unilateral C8VA, bilateral hypersensitivity to mechanical stimuli appeared in the fore paws at day 1
and was sustained during days 2–7 (Fig. 2A). However, thermal hypersensitivity was not observed on ipsilateral and contralateral side
during all the time points examined (Fig. 2B). This C8VA model consistently evoked mechanical hypersensitivity on the contralateral
mirror-image side (ie, mirror pain), similar to previous studies
[15,32,33].

percentage of GFAP-IR encircled neurons in sham-operated rats was 2.5
% on day 7 (Fig. 4R–T, Fig. 4X), while it reached to 25 % in C8VA rats
(Fig. 4U–W, Fig. 4X).
The DRG neurons could be roughly classiﬁed into large, medium
and small-sized neurons according to the size of cells and the sizespeciﬁc markers [21]. NF200 is a marker for large DRG neurons, while
IB4 and CGRP are commonly used for detecting the medium to smallsized neurons. Furthermore, IB4 and CGRP were also applied for differentiating the non-peptidergic and peptidergic neurons, respectively.
In order to determine the cell types of SGC-encircling neurons, DRG
sections were doubly stained with GFAP and NF200 (Fig. 5A–C, D–F),
IB4 (Fig. 5G–I, J–L) or CGRP (Fig. 5M–O, P–R) in sham-operated and
C8VR rats, respectively. The results showed that almost all the activated
SGCs were enveloped with NF200 positive large neurons (arrows in
Fig. 5I and J). Only a very small portion of IB4 (arrow in Fig. 5L, S) and
CGRP (arrow in Fig. 5R, S) positive medium or small-sized neurons
were encircled by SGCs after C8VA.

3.2. Slow glial activation in the both ipsilateral and contralateral dorsal
spinal cord

3.4. Suppression of SGC activation by FC alleviated mechanical allodynia in
C8VA rats

Extensive reports highlight that glial activation in the dorsal spinal
cord is crucial for the induction of neuropathic pain [5,34,35]. To explore whether glial activation in the dorsal spinal cord is required for
C8VA mediated bilateral mechanical hypersensitivity, the expression of
GFAP (astrocytes) and IBA-1 (microglia) were detected in the spinal
cord at the level of C8 segment. Glial cells were observed with the Zeiss
ﬂuorescence microscope. Five random areas in the spinal dorsal horn
(Fig. 3a) of each sample were examined at ×200 magniﬁcation. The
average number of the activated astrocyte and microglia in these ﬁve
areas was calculated. In the sham-operated rats, neither IBA-1 nor
GFAP expression was signiﬁcantly increased on ipsilateral and contralateral sides at all time points examined (Fig. 3C, D, G, H, K and L,
Fig. 3C1, D1, G1, H1, K1 and L1, respectively), when compared with
naïve rats (Fig. 3A and B, Fig. 3A1 and B1, Fig. 3O and O1). Similarly,
C8VA surgery did not upregulate IBA-1 and GFAP expression on day 1
and day 3 (Fig. 3E, F, I and J, Fig. 3E1, F1, I1 and J1, Fig. 3O and O1).
However, IBA-1 positive microglia (Fig. 3M and N) and GFAP positive
astrocytes (Fig. 3M1 and N1) were slightly increased on both ipsilateral
and contralateral sides of dorsal spinal cord on day 7 (Fig. 3O and O1).
These results demonstrated that microglia and astrocytes were not activated until as late as day 7 after C8VA. Therefore, spinal glial activation was unlikely to play an essential role in the development of
C8VA induced neuropathic pain because the glial activation in the
dorsal spinal cord was much later than the appearance of neuropathic
pain.

It has been shown that FC could suppress SGC activation induced by
sciatic nerve injury [15,21].To investigate the cause and eﬀect relationships between the SGC activation and neuropathic pain, FC was
administrated for 7 consecutive days after C8VA. As demonstrated in
Fig. 6, FC, but not vehicle control provided eﬀective analgesia on both
ipsilateral and contralateral sides from day 1 to day 7 following C8VA
surgery. Expectedly, the upregulation of GFAP-IR in the bilateral C6, C7
and C8 DRG were also signiﬁcantly reversed by FC administration
(Fig. 7G–M) comparing with vehicle (Fig. 7A–F and M), These data
therefore suggested that SGC activation in the DRGs played critical
roles in C8VA induced neuropathic pain.

GraphPad Prism software (Version 7.0, San Diego, CA). A value of
p < 0.05 was considered statistically signiﬁcant.
3. Results
3.1. Induction of mechanical allodynia after C8VA

4. Discussion
4.1. A new model for brachial plexus injury induced neuropathic pain
Following the peripheral nerve injury, patients may suﬀer from
chronic neuropathic pain, as characterized by hyperalgesia and allodynia. Many animal models mimicking this clinical problem have been
developed, including the chronic constriction injury [18,19], partial
sciatic nerve ligation or transection [14], L5 and L6 spinal segmental
nerve ligation [11,15] and L5 spinal nerve transection [30]. A common
feature of these models is the injuries of primary sensory neurons. It is
generally believed that injured sensory neurons directly contribute to
the generation of neuropathic pain. Interestingly, a novel neuropathic
pain model, in which DRG aﬀerents were kept intact, was reported
[30]. In this model, L5 ventral root ﬁbers were transected in the spinal
canal without aﬀecting primary sensory neurons. Since then, several
groups have further demonstrated that this selective motor ﬁber injury
is suﬃcient to produce neuropathic pain-like responses to a similar
extent as SNL [32,33,36–40]. It should be noted that all these models
involving selective motor ﬁber injury are focused on lumbar plexus. No
studies have been extended to brachial plexus although there are reports related with neuropathic pain model in brachial plexus avulsion
injury which involves in both sensory and motor ﬁber injury [41]. In
this study, we developed an alternative model of neuropathic pain in
brachial plexus by selective motor ﬁber injury. In this model, C8 ventral
root ﬁbers were avulsed but primary sensory neurons were kept intact.
Similar to the model of lumbar 5 ventral root transection (L5 VRT) [30],
we also found that the C8VA produced rapid (24 h after transection),
robust and persistent (7 days) bilateral mechanical allodynia. Compared with L5 VRT, C8VA had several features which make this model a
valuable tool for pain study. 1) The vertebra lamina at cervical level is
much thinner than that at lumbar level. This may avoid abundant
bleeding during the surgery procedure for C8VA, which frequently

3.3. Rapid and robust activation of SGCs in both ipsilateral and
contralateral DRG
To elucidate whether SGCs were involved in the induction of neuropathic pain induced by unilateral C8VA, we performed GFAP immunohistochemistry in the C8 DRGs. The basal level of GFAP-IR SGCs
was low in naïve rats (Fig. 4A and B). Few, if any, neurons were encircled by GFAP-IR SGCs in normal DRG in our experiment (Fig. 4X). By
contrast, SGCs in the bilateral C8 DRGs was remarkably activated revealed by GFAP expression after C8VA (Fig. 4). This activation occurred
on as early as day 1 (Fig. 4E and F, Fig. 4X) and persisted for at least 7
days (Fig. 4I and J, Fig. 4M and N, Fig. 4X) after C8VA. Glutamate
aspartate transporter (GLAST) marks both nonactivated and activated
satellite glia (Fig. 4O), whereas GFAP labels activated satellite glia
marks (Fig. 4P). Colocalization of GFAP with GLAST conﬁrmed the
presence of GFAP on satellite glia (arrow in Fig. 4Q). We also observed
mild SGC activation in sham-operated rats (Fig. 4C, D, G, H, K and L).
However, the activation degree in sham-operated rats was much lower
than that in C8VA rats (Fig. 4E, F, I, J, M and N). For example, the
4
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Fig. 3. Delayed and slight activation of microglia and astrocytes in the ipsilateral (ipsi) and contralateral (contra) dorsal spinal cord after unilateral C8VA. a: A
cartoon describing the area (arrow) that the activation of astrocyte and microglia were measured. Glial labeling of sensory axons in TgCRND8 mice at the age of 18
months Rats were sacriﬁced at 1 day (1d), 3 days (1d) or 7 days (7d) after C8VA. Immunostaining of ionized calcium-binding adaptor molecule 1 (IBA-1, for
microglia) (A-N) and glial ﬁbrillary acidic protein (GFAP, for astrocytes) (A1-N1) in the C8 dorsal spinal cord are shown. The IBA-1 (M and N) and GFAP (M1 and N1)
showed a slight increase at only as late as 7 days following C8VA compared with other two shorter time points and naïve rats. O and O1: Quantitative data for the
comparison with naïve rats on IBA-1-IR and GFAP-IR glia intensity (number/mm2) in dorsal spinal cord following unilateral C8VA. There was a signiﬁcant diﬀerence
only between the 7d C8VA and naïve groups, indicating sham operation or C8VA did not aﬀect microglia and astrocytes in the ipsilateral and contralateral dorsal
spinal cord at 1 and 3 days postinjury. Scale bar, 100 μm. *P < 0.05 compared with the naïve rats.
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Fig. 4. Rapid and remarkable activation of satellite glia in the ipsilateral (ipsi) and contralateral (contra) C8 DRGs following unilateral C8VA. Rats were sacriﬁced at
1 day (1d), 3 days (3d) or 7 days (7d) after C8VA. Sections of the C8 DRGs were immunostained for GFAP for SGCs (A-N). C8VA induced the up-regulation of GFAP in
ipsilateral and contralateral C8 DRGs from day 1 to day 7 (n = 8/group). O-Q: double labeling of GLAST/GFAP indicated GFAP was present in satellite glia (arrow in
Q). Degree of activated SGCs was tested by double labeling of GFAP (red) with neuronal marker (NeuN) (green) in sham-operated (R-T) and C8VA (U-W) rats at day 7
after operation. X: Quantitative data for GFAP immunoreactive satellite glia in the ipsilateral (ipsi) and contralateral (contra) C8 DRGs following C8VA. It was found
that the percentage of GFAP-IR-encircled neurons signiﬁcantly increased from 1d to 7d in ipsilateral and contralateral C8DRGs following C8VA. *P < 0.01 compared
with the naïve rats and sham rats. Scar bar in N, 40 μm. Scar bar in Q, 30 μm. Scar bar in W, 75 μm. (For interpretation of the references to colour in this ﬁgure legend,
the reader is referred to the web version of this article).
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Fig. 6. Treatment with FC (FC) reduced the pain-related behaviors in ipsilateral
and contralateral side produced by C8VALocal application immediately after
C8VA attenuated mechanical allodynia. *P < 0.05; ** P < 0.01 versus vehicle
group (FC treated group, n = 8; vehicle treated group, n = 8).

occurs during the surgery procedure for L5 VRT; 2) Both L5 ventral root
and dorsal root are located at the most lateral side of spinal canal where
they closely contact with each other. This is diﬀerent from brachial
plexus in which the dorsal root is clearly separated from the ventral
root. This may avoid damaging sensory neurons during the surgery
procedure of C8VA; 3) C8VA may mimic many elements of neuropathic
pain in human patients suﬀering from brachial plexus injury.

contralateral side (mirror image pain after unilateral sciatic nerve ligation [15]. In our study, the mirror image pain was also observed on
the contralateral side after C8VA. These ﬁndings prompted us to investigate whether activated satellite glia are responsible for the development of mirror image pain by C8VA. Interestingly, we found that
unilateral C8VA resulted in satellite glia activation in bilateral C6, C7
and C8 DRGs. Furthermore, administration of FC, the metabolism inhibitor of SGC, signiﬁcantly alleviated both ipsilateral and mirrorimage pain hypersensitivity by unilateral C8VA. These results suggested
that SGCs activation in bilateral DRGs contributed to the peripheral
sensitization of both sides. However, how the injury signal "jumps" from
the damaged motor root to the ipsilateral DRG and how it "jumps" from
the ipsilateral side to the contralateral DRG remain unknown. To reveal
the possible mechanisms underlying the neuropathic pain following
selective motor axon injury following C8VA, we examined whether
inﬂammation was present along the degenerated axons following the
motor axonal injury, since it has been demonstrated previously that
inﬂammation is involved in neuropathic pain [42]. We found abundant
macrophages presented along injured motor axons following C8VR
(data not shown). This result was consistent with previous studies [30].
We assume that proinﬂammatory cytokines released by the macrophages may diﬀuse and result in activation of satellite glial cells in
ipsilateral and contralateral DRGs following C8VA. This may underlie
the spread of pain to the uninjured side. Indeed, previous studies have
demonstrated that proinﬂammatory cytokines lead to activation of satellite glial cells in the dorsal root ganglia [15].
In contrast to previous studies [30], motor ﬁber injury at the C8
level led to robust mechanical allodynia, but not thermal hyperalgesia.
Previously, it was demonstrated that glial activation in the dorsal horn
of spinal cord was essential for the hypersensitivity of thermal stimuli
[43]. In the current model of neuropathic pain, C8VA failed to induce
dramatic glial activation in neither ipsilateral nor contralateral spinal
cord dorsal horn. Thus, the absence of glial activation may account for
the absence of thermal hyperalgesia by C8VA.
In conclusion, SGCs were activated and contributed to mechanical
allodynia after C8VA. Inhibition of SGC activation appeared to be a
promising therapeutic strategy for the treatment of motor nerve injury
induced neuropathic pain after brachial plexus root avulsion.

4.2. Mechanisms underlying the neuropathic pain by C8VA

Availability of data and materials

We noted that a recent study reported that activated satellite glia in
the contralateral DRG contributed to mechanical allodynia on the

The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Fig. 5. Double labeling of GFAP(red)/IB-4 (green) (A–C, D–F), GFAP(red)/
CGRP (green) (G–I, J–L) and GFAP(red)/NF200 (green) (M–O, P–R) in C8 DRGs
of sham-operated and C8VA rats reveals almost all the activated SGCs enveloped NF200 positive neurons (arrows in F). Few, if any, activated SGCs enveloped IB4 positive neurons (arrow in L) and CGRP positive neurons (arrow in
R). No or few GFAP-positive satellites were found in the sham-operated rats (C,
I and O). S: percentage of GFAP-IR encircled neurons. Scar bar, 40 μm. (For
interpretation of the references to colour in this ﬁgure legend, the reader is
referred to the web version of this article).
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