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Background: The mechanism of peripheral axon transport in neuropathic pain is 
still unclear. Chemokine ligand 13 (CXCL13) and its receptor (C-X-C chemokine re-
ceptor type 5, CXCR5) as well as GABA transporter 1 (GAT-1) play an important role 
in the development of pain. The aim of this study was to explore the axonal trans-
port of CXCL13/CXCR5 and GAT-1 with the aid of the analgesic effect of botulinum 
toxin type A (BTX-A) in rats.
Methods: Chronic constriction injury (CCI) rat models were established. BTX-A was 
administered to rats through subcutaneous injection in the hind paw. The pain be-
haviors in CCI rats were measured by paw withdrawal threshold and paw withdrawal 
latencies. The levels of CXCL13/CXCR5 and GAT-1 were measured by western blots.
Results: The subcutaneous injection of BTX-A relieved the mechanical allodynia 
and heat hyperalgesia induced by CCI surgery and reversed the overexpression 
of CXCL13/CXCR5 and GAT-1 in the spinal cord, dorsal root ganglia (DRG), sciatic 
nerve, and plantar skin in CCI rats. After 10 mmol/L colchicine blocked the axon 
transport of sciatic nerve, the inhibitory effect of BTX-A disappeared, and the levels 
of CXCL13/CXCR5 and GAT-1 in the spinal cord and DRG were reduced in CCI rats.
Conclusions: BTX-A regulated the levels of CXCL13/CXCR5 and GAT-1 in the spine 
and DRG through axonal transport. Chemokines (such as CXCL13) may be trans-
ported from the injury site to the spine or DRG through axonal transport. Axon 
molecular transport may be a target to enhance pain management in neuropathic 
pain.
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INTRODUCTION
Neuropathic pain, induced by herpes zoster neuralgia, 
diabetic peripheral neuropathy, complex regional pain 

syndrome, etc., is characterized by pricking, burning and 
electric shock-like severe pain, and is difficult to control 
effectively and for a long duration [1]. At present, the com-
monly used drugs to treat neuropathic pain in clinical are 
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ion channel inhibitors, such as pregabalin and gabapentin 
[2]. Nerve block, pulsed radiofrequency, and spinal cord 
electrical stimulation are also used to treat intractable 
neuropathic pain [3,4]. However, there are numerous pa-
tients still suffering severe pain because of the poor effect 
of treatment.

The refractory characteristic of neuropathic pain is re-
lated to its complex mechanism. At present, neuropathic 
pain is mainly caused by the increase and facilitation of 
ion channels on the cell membrane of painful neurons [5], 
abnormal nerve discharge [6], sympathetic sprouting [7], 
and so on. The peripheral mechanism of neuropathic pain 
was mainly at electrophysiological changes such as abnor-
mal discharge of nerve fibers and activation of ion chan-
nels [8,9]. However, whether there are dynamic changes 
in nerve tracts or fibers in the development of neuropathic 
pain has not been clearly studied. The authors speculate 
that there may be other ways of signal transmission be-
tween nerve fiber and neuron cells after nerve injury.

Botulinum toxin type A (BTX-A) is a macromolecular 
protein neurotoxin produced by Botox. Previous research 
showed that subcutaneous injection of BTX-A performed 
the effect of antinociception by 25 kDa synaptosomal-
associated protein cleavage through retrograde axonal 
transport to the spinal cord via the sciatic nerve [10]. Based 
on this phenomenon, the authors supposed if there is axo-
nal transport of pain-causing molecules between a nerve 
fiber and neurons in peripheral nerve injury.

Pain is regulated by small molecular proteins such as 
chemokines and neurotransmitters. The authors’ previ-
ous study indicated that chemokine ligand 13 (CXCL13) 
and C-X-C chemokine receptor type 5 (CXCR5) regulated 
morphine analgesia through p38, ERK, and AKT signal-
ing pathways in bone cancer pain rats [11]. The function 
of GABA transporter 1 (GAT-1) is to reuptake extracellular 
GABA to maintain the transmission of GABA signals. In 
pathophysiological pain states, GABA signaling can be 
blocked due to a decrease in extracellular GABA synthesis 
and increasing extracellular GABA reuptake via GAT-1 [12]. 

In this study, the authors suppose that the known pain-
causing molecules CXCL13, CXCR5, and GAT-1 may be 
transported from the nerve injury site to the dorsal root 
ganglia (DRG) neuron cell body or spinal cord through 
axon transport after the nerve is injured. Therefore, with 
the treatment of BTX-A, the axon transport mode between 
the nerve injury site and the neuron cell body was ex-
plored using the cytokines CXCL13, CXCR5, and GAT-1 as 
research targets.

MATERIALS AND METHODS
1. Animals

The animals in this experiment were specific pathogen-
free male Sprague–Dawley rats weighing 220–250 g, pur-
chased from Zhengzhou University Experimental Animal 
Center, Zhengzhou, China. The rats were placed in a clean 
animal house, which alternated between 12-hour light 
and 12-hour dark, and were given enough feed and drink-
ing water. The animal room was kept at a constant tem-
perature (22°C ± 0.5°C) and humidity (40%–60%). All ani-
mal procedures were performed in accordance with the 
guidelines of the National Institutes of Health Laboratory 
Animal Care and Use Guidelines and the Pain Research 
Guidelines from International Association for the Study of 
Pain and approved by the Animal Care and Use Commit-
tee of Zhengzhou University. Rats were allowed to adapt 
for about 7 days before surgery and behavioral testing. In 
this experiment, all animals were randomly grouped.

2. Chronic constriction injury (CCI) model

We established the CCI model according to a previous 
study [13]. Rats were anesthetized with 10% Chloral hy-
drate (3–5 mL/kg, intraperitoneal injection). The left hind 
limb of each rat was shaved and disinfected with an io-
dophor. The sciatic nerves on the left side were exposed 
by making a skin incision and blunt dissection through 
the connective tissue between the gluteus superficialis 
and biceps femoris muscles. Then the sciatic nerves were 
separated by a glass needle. Four ligatures are tied loosely 
around the sciatic nerve at 1 mm intervals with 4-0 surgi-
cal wire, to occlude but not arrest epineural blood flow. 
The incisions were closed with sutures and the rats were 
placed in their cages. The sham surgery was implemented 
using a similar procedure without ligation.

3. Pain behavioral quantification

Mechanical paw withdrawal thresholds (PWTs) were car-
ried out by a series of calibrated manual Von Frey’s fila-
ments (Stoelting, Kiel, WI), ranging from 0.2 to 15 g. Rats 
were placed in opaque plastic cages with a wire mesh floor 
for 30 minutes to adjust to the environment before the 
test. A Von Frey filament was applied perpendicularly to 
the plantar surface of the hind paw for 5 seconds. Abrupt 
paw withdrawal, licking, or shaking were considered to be 
positive responses during the application of the stimulus 
or after removal of the filament. The time interval before 
the application of the next filament was at least 10 seconds. 
The “up-down” method was used to calculate mechanical 
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paw sensitivity. 
Thermal paw withdrawal latencies (PWLs) were carried 

out using a thermal plantar analgesia instrument (Ugo 
Basile, Varese, Italy). The infrared intensity was adjusted 
to make an average PWL of 10–13 seconds in normal rats, 
and the cut-off time was set at 15 seconds in advance to 
prevent tissue damage. Rats were placed into the glass-
floored testing cages for 30 minutes to acclimatize before 
the experiment. The infrared source was placed directly 
beneath the mid-plantar surface of the hind paw. The heat 
stimulation was repeated at least 3 times with an interval 
of about 10 minutes. The mean of the three latencies was 
used as the PWL. The tests and the data analyzer were 
double-blinded.

4. Drugs

One hundred U/vial BTX-A (catalog No. 20,190,425; Heng-
Li, Lanzhou, China) was reconstituted with 1 mL 0.9% 
saline solution (concentration of 0.1 U BTX-A/μL) laying 
in 4°C and applied via the intraplantar (i.pl.) route into 
the ipsilateral hind paw. BTX-A was injected in a volume 
of 25 μL with a 30-μL microsyringe on the 7th day after 
CCI modeling. The control group was administered with 
an equal volume of 0.9% saline solution. No injection was 
made into the right hind paw. Colchicine (COL) was dis-
solved in 0.9% saline stored at 4°C, and administered at a 
concentration 10 mmol/L. The COL solution was used to 
disrupt axoplasmic transport of the sciatic nerves, and the 
method of application was performed according to previ-
ously standardized protocols [14].

5. Disruption of axoplasmic transport

The axoplasmic transport of the sciatic nerves was blocked 
by COL solution on the 7th day after CCI surgery accord-
ing to the method described previously [14]. The rats were 
treated with COL only in the last part of this experiment. 
Rats were anaesthetized with chloral hydrate. Then the 
left sciatic nerve, with a 7–8 mm length, was exposed by 
blunt dissection and was carefully rid of the surrounding 
connective tissue. The nerve was wrapped with a slice of 
absorbable gelation sponge (5 mm × 5 mm × 10 mm) satu-
rated in the COL, and a strip of parafilm (6 mm × 20 mm) 
was placed under the nerve in advance to prevent leak-
age of the agent onto the surrounding tissue. The objects 
around the nerve were removed after 15 minutes, with the 
nerve rinsed with saline. The wound was sewed up using 
4-0 surgical sutures. The same surgical procedure was fol-
lowed except that the nerve was exposed to saline alone.

6. Western blots

Rats were anaesthetized with chloral hydrate. The left L4-6 
spinal cord, L4-6 DRG, proximal sciatic nerve, and plantar 
skin was removed and fully ground in radio immunopre-
cipitation assay lysis buffer according to the manufacture’s 
instruction (Beyotime, Nantong, China). Total protein (30 
ug) from each sample was denatured by boiling in water at 
99°C before loading it onto a 10% sodium dodecyl sulfate 
polyacrylamide gel. Electrophoresis of each gel was ad-
ministered at 200 mA constant current for 90–120 minutes 
so that the proteins were subsequently electro-transferred 

B

C D

CCI
Sham

1 1 3 5 7 10 14 17

15

10

5

21

5
0
%

P
W

T
(g

)

Days after CCI

Ipsilateral

0

A

a

a
a

a a a a

1 1 3 5 7 10 14 17

15

10

5

21

5
0
%

P
W

T
(g

)

Days after CCI

Contralateral

0

1 1 3 5 7 10 14 17

15

10

5

21

P
W

L
(s

e
c
)

Days after CCI

Ipsilateral

0
1 1 3 5 7 10 14 17

15

10

5

21

Days after CCI

Contralateral

0

P
W

L
(s

e
c
)

a

a a a a a a

CCI
Sham

CCI
Sham

CCI
Sham

Fig. 1. In chronic constriction injury (CCI) 
rats, the paw withdrawal thresholds 
(PWTs) and paw withdrawal latencies 
(PWLs) in the ipsilateral were decreased 
from day 3 after modeling and reached a 
stable level from day 7 (A, C). The PWTs 
and PWLs in the contralateral side in each 
group had no significant changes in time 
points (B, D). The error bar means mean 
± standard deviation. aP < 0.05 vs. sham; 
Two-way ANOVA; n = 11 rats in each 
group.
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to poly vinylidene f luoride membranes. After being 
blocked with 5% non-fat milk for 2 hours and incubated 
with rabbit anti-CXCL13 (1:1,000; Abcam, Cambridge, UK), 
mouse anti-CXCR5 (1:200; Santa Cruz Biotechnology, Inc., 
Dallas, TX), rabbit anti-GAT-1 (1:1,000; Gene Tex, Irvine, 
CA), rabbit anti-GAPDH (1:1,000; Hangzhou Xianzhi, 
Hangzhou, China) overnight at 4°C, the membranes were 
incubated with horseradish peroxidase (HRP)-conjugated 
goat anti-rabbit immunoglobulin G (Ig G) (1:5,000, Boster, 
Wuhan, China), or HRP-conjugated goat anti-mouse anti-
rabbit Ig G (1:5,000, Boster) for 2 hours. Proteins were de-
tected by an enhanced chemiluminescence detection sys-
tem (Beyotime) and visualized by exposure to Kodak film. 
The blot density analysis was quantified by densitometric 
scanning. The GAPDH was used as the loading control for 
the proteins in this experiment.

7. Statistical method

Data are shown as mean ± standard error of the mean. 
The GraphPad Prism software 7.0 (GraphPad Software, 
San Diego, CA) was used for statistical analysis. One-way 
analysis of variance (ANOVA) was followed by post hoc 
Tukey’s honestly significant difference test, or an unpaired 
Student’s t-test was used to analyze western blot data. The 
behavioral data was analyzed using two-way ANOVA with 
Bonferroni’s multiple comparison test. Differences were 
considered statistically significant at P < 0.05.
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Fig. 2. Chronic constriction injury (CCI) of the sciatic nerve upregulated the expression of CXCL13, CXCR5, and GAT-1 from day 3 or 7 in the spinal cord, 
DRG, sciatic nerve, and plantar skin by western blot. (A, E, I, M) The expression of CXCL13, CXCR5, and GAT-1 in the spinal cord. (B, F, J, N) The expression 
of these proteins in the DRG. (C, G, K, O) The expression of these proteins in the sciatic nerve. (D, H, L, P) The expression of these proteins in the plantar 
skin. The error bar means mean ± standard deviation. CXCL13: chemokine ligand 13, CXCR5: C-X-C chemokine receptor type 5, GAT-1: GABA transporter 1, 
DRG: dorsal root ganglia. aP < 0.05 vs. sham; One-way ANOVA; n = 3 in each group. 
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RESULTS
1. The expression of CXCL13, CXCR5, and GAT-1 

proteins were increased in the spinal cord, DRG, 
sciatic nerve, and plantar skin in CCI rats

The PWTs and PWLs of rats at 1, 3, 5, 7, 10, 14, and 21 days 
after CCI surgery were carried out to determine the suc-
cess of the CCI model. As a result, the PWTs and PWLs 
of ipsilateral hind paws were decreased significantly at 
the 3rd day after CCI surgery, and maintained from days 
7 to 21 (P < 0.001) (Fig. 1A, C). The PWTs and PWLs of the 
contralateral hind paws showed no significant difference 
between two groups (Fig. 1B, D).

Then, the relative levels of CXCL13, CXCR5, and GAT-
1 in the L4-6 spinal cord, L4-6 DRG, sciatic nerve, and 
plantar skin of CCI rats at 0 (sham), 3, 7, 10, 14, and 21 days 
were measured by western blot. The expression of CXCL13, 
CXCR5, and GAT-1 showed a dramatic increase in the L4-6 
spinal cord, L4-6 DRG, sciatic nerve, and plantar skin at 7, 
10, 14, and 21 days after CCI surgery compared to those in 
sham rats (P < 0.001) (Fig. 2).

2. BTX-A relieved mechanical and thermal allodynia 
decreased the overexpression of CXCL13, CXCR5, 
and GAT-1 in the spinal cord, DRG, sciatic nerve 
and plantar skin in CCI rats

To investigate the effects and characteristics of BTX-A, the 

CCI rats were administered BTX-A at the doses of 4, 7, and 
10 U/kg (n = 6–8 in each group) through i.pl. at the 7th day 
after CCI surgery. The CCI + normal saline (NS) group and 
sham group (n = 6–8 in each group) were given the same 
volume of normal saline. The results showed that the BTX-
A of three doses all significantly relieved the mechanical 
and thermal hypersensitivity to some degree compared to 
the CCI + NS group, and the allodynia effect of the CCI + 
10 U/kg BTX-A group showed significant differences com-
pared to the CCI + 7 U/kg BTX-A group and the CCI + 4 U/
kg BTX-A group (P < 0.001) (Fig. 3A, C). It’s obviously that 
the higher dose group had more significant change than 
the lower dose group. There were significant differences in 
the data of the contralateral side in each group (Fig. 3B, D).

Western blots were used to detect the expression of 
CXCL13, CXCR5, and GAT-1 at the 21st day after CCI sur-
gery. BTX-A decreased the overexpression of CXCL13, 
CXCR5, and GAT-1 induced by CCI surgery in the spinal 
cord, DRG, sciatic nerve, and plantar skin, and the higher 
dose (7 and 10 U/kg) group had more reduction than the 
lower dose group (4 U/kg) (P < 0.001) (Fig. 4). These data 
declared that an i.pl. injection of BTX-A can change the ex-
pression of these proteins not only in the plantar skin, but 
also in the sciatic nerve, DRG, and spinal cord, and that 
the analgesic effect of BTX-A is dose-dependent in man-
ner.
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Fig. 3. In chronic constriction injury 
(CCI) rats, the paw withdrawal thresh-
olds (PWTs) and paw withdrawal laten-
cies (PWLs) in the ipsilateral side were 
decreased from day 3 after modeling. 
Botulinum toxin type A (BTX-A) (4, 7, 10 
U/kg) reversed these decreases from day 
10 in a dose-dependent manner (A, C). 
The PWTs and PWLs of the contralateral 
side in each group exhibited no significant 
changes in time points (B, D). The error 
bar means mean ± standard deviation. aP 
< 0.05 vs. CCI + normal saline (NS) group, 
Two-way ANOVA, n = 6 in each group; bP < 
0.05 vs. CCI + 4 U/kg BTX-A group, Two-
way ANOVA, n = 6 in each group; cP < 0.05 
vs. CCI + 7 U/kg BTX-A group, Two-way 
ANOVA, n = 6 in each group. 
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3. Injecting 10 U/kg BTX-A through plantar surface 
of hind paw on the 7th day after CCI, the pain relief 
of the CCI rats was most obvious on the 21st day

Both of the CCI group and the sham group were given 10 
U/kg BTX-A or saline through plantar injection on the 7th 
day after surgery. The results showed that there was no 
significant difference about PWTs between the sham + 10 
U/kg BTX-A and sham + NS groups (Fig. 5A). The PWTs of 
the CCI + 10 U/kg BTX-A group showed a significant dif-
ference compared with the CCI + NS group (P < 0.001) (Fig. 
5A), and the PWTs of the contralateral hind paws indicated 
no significant between-group difference (Fig. 5B). 

Western blots were used to detected to levels of CXCL13, 
CXCR5, and GAT-1 in spinal cord, DRG, sciatic nerve, and 
plantar skin at the 10th, 14th, and 21st day. Ten U/kg BTX-
A decreased the overexpression of CXCL13 and CXCR5 

proteins in spinal cord, DRG, sciatic nerve, and plantar 
skin significantly at the 10th, 14th, and 21st day after CCI 
surgery (P < 0.001) (Figs. 6D, 7). The expression of GAT-1 in 
spinal cord, DRG and sciatic nerve was decreased signifi-
cantly at the 14th and 21st day after CCI surgery (P < 0.001) 
(Figs. 6B, C, 7). And in the mass, the levels of CXCL13, 
CXCR5, and GAT-1 showed a downward trend among the 
10th, 14th, and 21st day as a whole in the CCI + 10 U/kg 
BTX-A group.

4. After the sciatic nerve was treated with COL, the 
mechanical allodynia of CCI rats was significantly 
relieved

To indicate the role of axon transport in BTX-A analgesia 
and neuropathic pain, the sciatic nerve was treated by 10 
mmol/L COL at 7th day after surgery to block the axonal 
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transport. Meanwhile, the 10 U/kg BTX-A was admin-
istered to rats through i.pl. on the 7th day. The PWTs of 
the CCI + COL + NS group and CCI + COL + 10 U/kg BTX-
A group were significantly relieved at the 10th day, and 
steadily maintained at 15 g above from days 10 to 21 (P < 
0.001) (Fig. 8A). In the present experiment, if the PWT was 
greater than 15 g, it was recorded as 15 g. As a result, the 
line charts of the CCI + COL + NS group and CCI + COL + 
10 U/kg BTX-A group overlapped at the 10th, 14th, and 21st 
day after CCI surgery. The mechanical pain threshold on 
the contralateral hind paw did not show a significant dif-

ference between groups (Fig. 8B).

5. After the sciatic nerve was treated with COL, the 
overexpression of CXCL13, CXCR5, and GAT-1 
after CCI surgery was decreased in the spinal cord 
and DRG, and the inhibitory effect of BTX-A on the 
proteins disappeared

To explore the role of axonal transport on neuropathic 
pain and the analgesic effect of BTX-A, the sciatic nerves of 
rats were infiltrated by saline or 10 mmol/L COL solution 
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and the ipsilateral plantar hind paws were injected with 
saline or 10 U/kg BTX-A on the 7th day after CCI surgery. 
The rats were anesthetized and their spinal cord, DRG, sci-
atic nerve, and the plantar surface of the ipsilateral hind 

paw were removed for western blot tests on the 21st day 
after CCI surgery. The results showed that the expression 
of CXCL13, CXCR5, and GAT-1 in the plantar surface of the 
hind paw, sciatic nerve, DRG, and spinal cord in the CCI 
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+ COL + NS group was decreased significantly compared 
with the CCI + NS + NS group (P < 0.001) (Fig. 9). And there 
was no significant difference between the CCI + COL + 
BTX-A group and the CCI + COL + NS group. The above re-
sults showed that the inhibitory effect of BTX-A on the ex-
pression of CXCL13, CXCR5, and GAT-1 in the spinal cord 
and DRG disappeared. After the axonal transport of the 
sciatic nerve was blocked, the overexpression of CXCL13, 
CXCR5, and GAT-1 in the spinal cord and DRG after CCI 
surgery was decreased. It showed that blocking the axo-
nal transport of the sciatic nerve may also block the pain-
causing molecules transport to the spinal cord and DRG.

DISCUSSION
In this study, BTX-A injected through the plantar surface 
of the hind paw relieved the pain behavior and reversed 
the overexpression of CXCL13/CXCR5 and GAT-1 in the 
spinal cord, DRG, sciatic nerve, and plantar skin in CCI 
rats. After 10 mmol/L COL blocked the axon transport 
of the sciatic nerve, the inhibitory effect of BTX-A disap-
peared, and the levels of CXCL13/CXCR5 and GAT-1 in the 
spinal cord and DRG were decreased in CCI rats.

The molecular mechanisms of BTX-A involve inflamma-
tory factors. Studies have reported that BTX-A prevented 
the release of neurotransmitters such as acetylcholine 
and glutamate [15], decreased the overexpression of the 
pronociceptive proteins interleukin (IL)-18, IL-6, and IL-
1β and increased the levels of antinociceptive proteins IL-
10 and IL-1RA in spinal cord and DRG in CCI rats [16]. In 
the authors’ studies, BTX-A suppressed the overexpression 
of CXCL13, CXCR5, and GAT-1 in the planter skin, sciatic 
nerve, DRG and spinal cord in CCI rats to relieve mechani-
cal pain and can be characterized as acting in a dose-
dependent manner.

The analgesic effect of BTX-A depends on axonal trans-

port. In the authors’ experiment, BTX-A produces an an-
algesic effect by inhibiting the high expression of CXCL13 
and GAT-1 in CCI rats. However, after COL was used to 
block axonal transport, the inhibitory effect of botulinum 
toxin on the expression of CXCL13 and GAT-1 disappeared. 
These results suggested that BTX-A plays an analgesic role 
through axonal transport, which is consistent with previ-
ous studies [10].

The axonal transport plays an important role in neuro-
pathic pain. Curtis et al. [17] investigated the retrograde 
axonal transport of neurotrophins (nerve growth factor, 
brain-derived neurotrophic factor, et al.) from the sciatic 
nerve to the DRG and spinal neurons in normal rats and 
after nerve injury [17]. And studies also showed that tumor 
necrosis factor-alpha and protein kinase G transported 
from the injury site to the DRG [18,19], and CXCL12 and 
CXCR4 were transported from nerve cell bodies to the 
spinal dorsal horn to promote the development of neu-
ropathic pain [20]. In the present study, when the sciatic 
nerve was treated with COL, the levels of CXCL13 and GAT-
1 in the DRG and spinal cord were decreased (Fig. 9). The 
authors speculate that the decrease of CXCL13 and GAT-
1 in the spinal cord and DRG may be due to the inhibitory 
effect of COL on pain signals and related pain mediators, 
but there is also a new possibility that there may be mu-
tual transmission of molecules such as CXCL13 and GAT-
1 along the nerve fibers between peripheral nociceptors 
and the DRG or spinal cord. COL can block the transport of 
CXCL13 and GAT-1 from a sciatic nerve injury to the DRG 
and spinal cord by blocking the axonal transport of the 
sciatic nerve. 

Chemokine is involved in axonal transport. The major 
role of chemokines is to act as a chemoattractant to guide 
the migration of cells [21–23]. Cells are attracted to move 
through the gradient towards the higher concentration of 
chemokine [24]. It can be seen that chemokine needs to be 
transported to form a concentration gradient from high to 
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low. The injury site of the CCI model in the present experi-
ment is the sciatic nerve. According to the chemotactic 
characteristics of chemokines, the CXCL13 produced by 
the sciatic nerve can move to the distal end of the injury 
site to form a concentration gradient to attract cells to 
the injury site. The results further support the authors’ 
speculation that CXCL13 and GAT-1 may transfer from the 
injured site to DRG and spinal cord through axonal trans-
port.

It is worth mentioning that after the sciatic nerve was 
treated with COL, the PWT of the hind paw of CCI rats was 
significantly increased, and remained above 15 g from 10 
days to 21 days after the operation. It is obvious that such 

an analgesic effect can’t be achieved by blocking the axo-
nal molecular transport with COL. This may be caused 
by other mechanisms of COL. The authors speculate that 
most of the electrical signals in the injured part of the sci-
atic nerve can’t be transmitted to the DRG or spinal cord 
after COL treatment [25], which makes the plantar pain 
sensation caused by CCI surgery to be dull or disappear.

In conclusion, BTX-A produced anti-allodynic and anti-
hyperalgesic effects, and inhibited the overexpression 
of CXCL13, CXCR5, and GAT-1 in CCI rats through axon 
transport. CXCL13 may be transported from the injury site 
to spine or DRG through axonal transport. Axon molecular 
transport may be a target to enhance pain management in 
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neuropathic pain.
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