EXPERIMENTAL AND THERAPEUTIC MEDICINE 13: 2783-2786, 2017

Impact of Botox-A SNAP-25 protein expression
and the mechanism of inhibitory neurotransmitter
imbalance in chronic sciatic nerve pain rat model
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Abstract. The Botox-A impact on the expression of SNAP-25
protein in rat chronic sciatic nerve pain model was assessed
and the mechanism of inhibitory neurotransmitter imbal-
ance was studied. A chronic constriction injury (CCI) model
consisted of 30 healthy male rats. The rats were randomly
divided into the sham-operated group, CCI group and BoNT/A
intervention group, and during 1, 7 and 14 days we conducted
mechanical withdrawal threshold (MWT) test and thermal
withdrawal latency (TWL) test before and after operation.
After 14 days, the animals were sacrificed. SNAP-25 protein
expression level, mRNA subunit NR2B within excitatory
neurotransmitter glutamate GLT and protein expression level,
as well as GAT mRNA, the inhibitory GABA neurotrans-
mitter transporter and protein expression level were studied
by RT-polymerase chain reaction and western blot analysis.
The difference between MWT and TWL at each point in time
before and after operation showed no statistical significance
(P>0.05) in the sham-operated group. For the CCI group at
each time point, MWT and TWL were obviously lower than
the sham-operated group and the difference was statistically
significant (P<0.05) while the internal difference at each
time point showed no statistical significance (P>0.05). The
expression level of protein of SNAP-25 and NR2B mRNA
in the CCI group was clearly higher than sham-operated
group. Additionally, the expression level of GAT-1 mRNA
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and protein in CCI group was apparently lower than the
sham-operated group. In conclusion, Botox-A helped reduce
SNAP-25 within rat chronic sciatic nerve pain model thereby
relieving pain.

Introduction

Neuropathic pain (NPP) is the pain caused by the injury of a
nerve, common in shingles, diabetes and cancer, manifested
as a chronic, persistent symptom and seriously affecting the
quality of life of patients (1). The relieve effects of anti-epileptic
drugs and NSAIDs are limited (2). The effect of nerve damage
is possible to clear short-term, but it easily relapse and has
poor therapeutic effect in second treatment (3). Opioids have
a strong analgesic effect, but could easily cause addiction and
drug dependence (4). Hyperalgesia, allodynia and spontaneous
pain are three characteristics of NPP (5), and the transmission
of pain signals in the central nervous system is completed
through releasing and clearing neurotransmitters, where the
process is continuous and precise. The formation of SNARE
complex is the main component that affects the release of a
transmitter which is one of three proteins of the compound
and useful in regulating the release of neurotransmitter (6).
Clearance of transmitter depends on the specific transporters
such as excited neurotransmitter glutamate transporter GLT
and inhibition of GABA transporter GAT-1 (7). The produc-
tion of NPP may be related to the excessive activation of
excitatory transmitters and the loss of inhibitory transmitters
(excitatory inhibition imbalance) (8).

Botox is produced by a Gram-positive anaerobic bacillus
Clostridium botulinum and is known as the most powerful
analgesic active substance. Thus, BoONT/A could decompose
SNAP-25 from the SNARE protein super-family in atopic (9).
In various pain models, the use of very low doses of BoNT/A
in peripheral or central system significantly relieved pain and
improved related behavior. Compared to traditional treatment,
Botox has the advantages of exact effect and working long
time after a single dosage (10).

Based on the above reasons, the present study further
analyzed the Botox-A impact on the expression of protein
SNAP-25 in rat chronic sciatic nerve pain model and studied
the mechanism of inhibitory neurotransmitter imbalance.
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Materials and methods

Experimental material

Animals. Thirty SPF grade purebred healthy adult male
Sprague-Dawley rats weighing 200-250 g were purchased
from the Experimental Animal Department of Central South
University.

Chronic constriction injury (CCI) model. Referring to methods
of Bennett's methods (11), we used abdominal chloratehydrate
anesthesia and exposed the sciatic nerve. Then, using nerve
dissector the nerve stem at both ends was severed; 4-0 chromic
catgut was used and the main stem was ligatured. The sciatic
nerve compression was detected through x 6 dissecting micro-
scope, which showed that blood vessels on the surface of the
nerve stem were mildly pressed but the blood flow was not
interrupted. The same method was used for ligature 4 surgery
knots with 1 mm intervals. This is called the CCI model. Thus,
the wound was washed, and sutured layer by layer, to proceed
with intramuscular injection of penicillin to prevent infection,
and monitor vital signs.

Catheter in lumbar sheath. We used the prone position, L4-5,
and a midline longitudinal incision of ~1 cm in length, then
exposed subcutaneous tissue layer by layer bluntly, locating
the center of the intervertebral space and gently pulling up L4
spinous process with a hemostat and exposing L4-5 clearly.
The PF 0503 catheter was slowly placed with the guidance
of spinal needle core to the head along with the spinal needle
core. After removing the inner core, silvery cerebrospinal fluid
flows out from the catheter.

Three days later, rats with normal bowel movement and
without movement disorders were selected to test the effect of
catheter in lumbar sheath using catheterization lidocaine.

Grouping. The samples were randomly divided into the
sham-operated group, CCI group and BoNT/A intervention
group each with 10 rats. The sham-operated and CCI groups
were injected with 20 pl normal saline through intrathecal
injection, while BoN'T/A intervention group was treated with
0.01 units intrathecal injection dissolved in 10 ul saline and
10 pl saline washing pipe. Mechanical withdrawal threshold
(MWT) and thermal withdrawal latency (TWL) were detected
before and after surgery 1, 7 and 14 days, and after 14 days,
the rats were sacrificed. Using RT-polymerase chain reaction
(PCR) and western blot analysis, the intumescentia lumbalis of
the spinal cord was tested for SNAP-25 and protein expression
level, nRNA, the subunit NR2B within excitatory neurotrans-
mitter glutamate GLT and protein expression level; as well as
GAT mRNA, the inhibitory GABA neurotransmitter trans-
porter and protein expression level.

RT-PCR. A variety of methods were collaboratively used:
spinal cord segment specimens were taken in a standard
manner, the total RNA was extracted using TRIzol reagent to
detect concentration, purity and integrity, and the results were
analyzed as follows: Reverse transcribed cDNA, primer design
(Table I), the reaction system (cDNA 1 pl + 10 uM upstream
and downstream primers 1 ul + 2X Taq Master Mix increasing
12.5-25 pl through adding water), the reaction conditions
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Table I. Primer design.

Primer Length,

Gene sequence bp

SNAP-25 F: 5-TGTCTTTCCTTC
CCTCCCTACC-3'
R: 5'-CTCAATGCGTTC

CAGTTGTTCG-3'

F: 5'-CCAGCTCAG
CGACCTGTATG-3'

R: 5-GAGGCGAGT
TCTCCTTTGTTC-3'

F: 5-TTCCTGACG
CTCATCTTTGC-3'

R: 5-GACCACCTIT
TCCAGTCCATC-3'

F: 5-“TGAGCTGCGTGT
GGCCCCTGAG-3'

R: 5'-GGGGCATCGGAA
CCGCTCATTG-3'

331

NR2B
335
GAT-1
462
[p-actin

499

(Table II), the product of electrophoresis, the removal of the
gel and capturing of images on the imaging system. Finally,
integral optical density of each strip value was read from the
image analysis software GelAnalyzer 2010a (University of
Leicester, London, UK).

Western blot analysis. Lysis buffer was used to extract total
protein and the BCA method was applied for the detection of
the protein concentration. Rabbit polyclonal SNAP-25 antibody
(dilution, 1:500; cat. no. ab5666), rabbit polyclonal NR2B anti-
body (dilution, 1:500; cat. no. ab65783), rabbit polyclonal GAT-1
antibody (dilution, 1:500; cat. no. ab426) and rabbit polyclonal
GAPDH antiboody (dilution, 1:500; cat. no. ab37168) were
purchased from Abcam (Cambridge, MA, USA). Secondary
goat anti-rabbit (HRP) IgG antibody (dilution, 1:2,000; cat.
no. ab6721; Abcam) was added and agitated for 1 h at room
temperature, stained and exposed using Gd-pro 4.0 image
analysis system to study protein bands.

Statistical analysis. SPSS 19.0 statistical software (SPSS,
Inc., Chicago, IL, USA) was used to log data and analysis.
Quantitative data are expressed as mean =+ standard deviation.
T was applied for test among different groups, while analysis
of variance was used for repeated measures within each group.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Comparison between MWT and TWL. For the sham-operated
group, the difference between MWT and TWL at each
time point before and after operation showed no statistical
significance (P>0.05). In the CCI group at each time point,
MWT and TWL were obviously lower than the sham-operated
group and the difference was statistically significant (P<0.05)
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Table II. RT-polymerase chain reaction condition.
Gene Variance Circulation Cycle no. Extension
SNAP-25 94°C 2 min 94°C 30 sec, 56°C 30 sec, 72°C 30 sec 30 72°C 2 min
NR2B 94°C 2 min 94°C 30 sec, 57°C 30 sec, 72°C 30 sec 28 72°C 2 min
GAT-1 94°C 2 min 94°C 30 sec, 56°C 30 sec, 72°C 30 sec 30 72°C 2 min
B-actin 94°C 2 min 94°C 30 sec, 67°C 30 sec, 72°C 30 sec 25 72°C 2 min
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Figure 1. Mechanical withdrawal threshold (MWT) among groups. CCI,
chronic constriction injury.
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Figure 2. Thermal withdrawal latency (TWL) among groups. CCI, chronic
constriction injury.

while the internal difference at each time point showed no
statistical significance (P>0.05). MWT and TWL on the day
after operation within the BONT/A intervention group was
clearly higher than that in the CCI group and lower than that
in the sham-operated group, and the amount after 7 days was
increased compared to the first day after operation. Further,
it was consistent with that in the sham-operated group on day
14 after the operation, therefore, the difference of each time
point had statistical significance (P<0.05) within the groups
(Figs. 1 and 2).

Comparison of RT-PCR test index among groups. The
expression levels of protein of SNAP-25 and NR2B mRNA
in the CCI group were clearly higher than the sham-operated
group. However, in the BONT/A intervention group they were
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Figure 4. Detecting target protein through western blotting. CCI, chronic
constriction injury.

comparatively lower than in the CCI group, but higher than
the sham-operated group, thus, the differences had statistical
significance (P<0.05). Additionally, the expression levels of
GAT-1 mRNA and protein in the CCI group were apparently
lower than that of the sham-operated group, and that in the
BoNT/A intervention group was apparently higher than in
the CCI and sham-operated groups. Thus, the differences had
statistical significance (P<0.05) (Figs. 3 and 4).

Discussion

SNAP-25 accounts for 1% of the total brain protein. Vesicle
fusion complex is composed of two a helices with synyaxin-1
and synaptobrevin, anchoring on the cytoplasmic side of the
cell membrane by palmitoyl located in the central region
of the molecular structure (12). The main distribution of
SNAP-25 is in the nerve terminals around the synapse,
and some is also localized along the axon and dendrites of
neurons (13). SNAP-25 regulates endocrine and the release of
neurotransmitters. Moreover, it has a close relationship with
regulatory proteins released by other synaptic vesicles, and
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calcium ion channels. For example, it plays an important part
with initial protein transmitter, synaptotamin, in calcium ion
initiation of membrane fusion mechanism and in cytokinetics
regulating the last step of transmitter release (14). SNAP-25 is
also able to regulate a variety of voltage-gated ion channels.
Particularly, it could regulate voltage-gated calcium channels
on non-neuronal cells, including SNAP-25 N, SNAP-25 P/Q,
and SNAP-25 L channels (15). Therefore, SNAP-25 plays a
key role in releasing neurotransmitters in the central nervous
system.

BoNT/A has selective antitumor action on acetylcholine of
nerve endings at neuromuscular junctions. BTXA could clini-
cally be used to treat muscle tension and spastic disease, such
as strabismus and torticollis (16). First, BTXA combines with
receptors of the nerve cell, presynaptic membrane of the nerve
cells, such as ganglion glycosides, synaptic vesicle protein 2,
and synaptic binding protein, then BT XA adheres to the nerve
cells and enters inside through the endocytosis mechanism.
Finally, light chain of BTXA is endonuclease Zn2* during
the process of transferring from inside the vesicles to the
cytoplasm (17). A large number of experiments in vitro and
in vivo showed that (18), botulinum toxin could also inhibit the
release of a variety of neurotransmitters, including glutamate,
GABA, aspartate, catecholamines, dopamine and monoamine
neurotransmitters (19-21). It could inhibit the release of gluta-
mate from non-neural cells, such as astrocytes, and inhibited
the release of substance P. All these neurotransmitters and
neuropeptides are key signaling molecules in NPP.

In the present study, MWT and TWL after operation in
the CCI group was obviously lower than the sham-operated
group. Although the difference was statistically significant, it
is of little significance when comparing the time points within
each group. When NPP occurs, it reaches the maximum value,
showing high sensitivity characteristics. Moreover, it did not
increase or decrease with time. On day 1 after the operation
MWT and TWL in the postoperative BoNT/A intervention
group was significantly higher than that of CCI, but lower
than the sham-operated group. Compared with that at day 7,
and that at day 1, it was significantly increased. At day 14 it
was the same as that of the sham-operated group. Moreover,
compared with each time point, the difference was statistically
significant. Furthermore, lower concentration of BoONT/A could
significantly improve the pain threshold and it relieved the
pain with time. BoNT/A has a continuous effect. The expres-
sion level of SNAP-25 and NR2B, mRNA and protein of CCI
were significantly higher than that of the sham-operated group.
However, it was lower than that of CCI group and higher than
the sham-operated group. These differences were statistically
significant. nRNA GAT-1 and protein in CCI was significantly
lower than the sham-operated group. Botulinum toxin type
A reduced SNAP-25 and excitatory transmitters of rat sciatic
nerve in the chronic pain model, thereby increasing the expres-
sion of inhibitory transmitter and resulted in easing of pain.
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