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Introduction: Spinal cord injury (SCI) often causes muscle spasticity, which can be
inhibited by using calcium channel blocker. Botulinum toxin type A (BoT-A) shows ther-
apeutic efficacy on spasticity and may exert inhibitory effects on the calcium channel.
Methods: A rat model with muscle spasticity was established after SCI via contusion and
compression. Different concentrations (0, 1, 3 and 6 U/kg) of BoT-A Botox were injected in
the extensor digitorum longus (EDL) muscles of the right hindlimb in the muscle spasticity
model. The changes of muscle spasticity and calcium level in EDL muscles were measured
after the establishment of SCl-induced spasticity. Ca,3.2 calcium channel subunit and its
mutant (M1560V) were analyzed using Western blot before (input) or after immunoprecipi-
tation with anti-FLAG antibody, and their currents were measured in motoneurons by using
whole-cell voltage clamp recordings.

Results: SCI induced muscle spasticity, whereas calcium level in EDL muscles and expres-
sion of Ca,3.2 was increased in the SCI model when compared with the sham group (p < 0.05).
BoT-A Botox treatment significantly reduced muscle spasticity and calcium level in EDL
muscles and Ca, 3.2 expression in a dose-dependent way (p < 0.05). The ratio of biotinylated to
total Ca,3.2 was reduced in the mutant (M1560V) of Ca,3.2 and lower than that in the wild
Ca,3.2. BoT-A Botox intervention also reduced the current values of calcium channel and the
ratio in a dose-dependent way (p < 0.05).

Discussion: BoT-A Botox possibly attenuates SCI-induced muscle spasticity by affecting
the expression of Ca,3.2 calcium channel subunit in the rat models. There may be multiple
mechanisms for the function of BoT-A Botox. Further work is needed to be done to address
these issues.

Keywords: botulinum toxin type A, muscle spasticity, Ca,3.2 calcium channel, rat model,

spinal cord injuries

Introduction
Spinal cord injury (SCI) is a global dilemma and its incidence is estimated as 40—80
new cases per million population per year." The immediate consequences of SCI are
motor and sensory deficits with spasticity, such as initiate and coordinate muscle
spasticity.” Muscle spasticity can lead to uncontrolled body movements,® sustained
abnormal postures of the affected body part* and even muscle damage and rhabdo-
myolysis sometimes.’

Muscle spasticity is usually caused by neuromuscular excitability® and represents a
complicated array of neurological motor disorders.” Enhancing neurite growth and
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circuit plasticity by using some inhibitors has become as a
potential approach for improving motor function after SCI
injury.®® The calcium channel plays an important role in the
risk of spasticity,'” and Ca®" release modulates muscle
contraction'' and is involved with the plasticity activity.'?
Ca,3.2 is a calcium channel subunit of the T-type that is

131 and may be

involved in the activity of skeletal muscle
associated with spasticity. Furthermore, Ca,3.2 is expressed
in the neurons of the spinal cord.'® Calcium channel blockers
are thought effective to prevent muscle spasticity.'®
Botulinum toxins type A (BoT-A) is produced from
Clostridium botulinum type A and its main function is the
cleavage of neuronal synaptosomal-associated protein of
25 kDa (SNAP-25), a protein involved in vesicular mem-
brane fusion with neuronal plasma membrane.'”'® BoT-A
is intended for intramuscular, intradetrusor and intradermal
use, and has been increasingly used in clinical care for
many neural disorders that include spasticity,'® and other
abnormal movement diseases.”’ Therefore, BoT-A is sup-
posed to treat SCI-induced muscle spasticity. The calcium
level plays an important role in the spasticity risk?' and

modulates the activity of calcium channel.*?

The preven-
tion of the activity of calcium channel can reduce
spasticity.'® BoT-A may prevent SCI-induced muscle spas-
ticity as a kind of calcium channel blocker or by affecting
calcium release. In the present work, muscle spasticity was
characterized by measuring swimming activities in spinal
cord-injured rats injected with different doses of BoT-A
and the related molecules Ca,3.2 subunit (which underlies
the functional T-type calcium channel®®) and its mutant

were measured.

Materials and Methods

Experimental Animals

All surgical procedures and postoperative care were in
accordance with relevant guidelines and regulations of
NIH, and performed following the guidelines of the
Animal Care and Use Committee of The First Hospital
of Jilin University (approval No. AJLU28-18, Changchun,
China). Every effort was made to minimize the number
and suffering of animals used in the present experiment.
Forty 8-week-old Wistar rats (200 + 20 g) were purchased
from the Animal Center of Jilin University (License No:
SCXK-Ji 2008—0005). All rats were housed under a 12 h:
12 h light-dark cycle and had ad libitum access to food and

water.

Establishment of SCl-Induced Muscle
Spasticity

All surgical procedures were performed under protocol
anesthesia (intraperitoneally, 2 mg/kg, Solarbio Science &
Technology Co., Ltd., Beijing, China). The rat was fixed
with a stereotaxic instrument. The dorsal, dorsolateral, and
ventral funiculus bilaterally was interrupted via T-shaped
lesions of the thoracic spinal cord (T9) by delivering 50
kdyn or 75 kdyn force contusions with 20 sec of sustained
compression.>* Muscle spasm will be developed after SCI
induction.'® Contusion was induced on laminectomized ani-
mals and muscle spasticity was determined by evaluating
muscle tone and muscle spasm according to the Ashworth
and spasm—frequency scales.”> Post-operative care was per-
formed including manually assisted extrusion and analgesia.
BoT-A Botox was diluted with 2 mL of saline and a solution
was prepared with 6 U of toxin per 0.1 mL. The highest dose
of BoT-A was 6 U/kg (https://allergan-web-cdn-prod.azur
eedge.net>productsypms) and some model rats were injected

with Botox in the extensor digitorum longus (EDL) muscles of
the right hindlimb with different concentrations (0, 1, 3 and 6
U/kg). All rats were assigned into five groups: CG (sham
surgery group), WG (model group without BoT-A Botox
treatment), LG (1 U/kg BoT-A Botox), MG (3 U/kg BoT-A
Botox) and HG (6 U/kg BoT-A Botox).

Electromyographic (EMG) Recordings of
Muscle Spasticity

EMG can be used to evaluate muscle spasticity.?® The rats
were anesthetized by using ketamine cocktail and a surgi-
cal level of anesthesia was determined with the loss of paw
withdrawal activities to strong foot pinch. Bipolar intra-
muscular EMG electrodes were implanted bilaterally into
the muscles of tibialis anterior (TA) and unilaterally into
the muscles of left rectus abdominis (RA). EMG signal
was measured by using an EMG telemeter system (BioLog
DL-5000, S&ME Co., Japan). The pre-amplified signal
was subsequently demodulated at 1-kHz-sampling rate,
amplified by 1000 times, and high-pass filtered (30 Hz).
EMG activity was evaluated by using biological analysis
software (BIMUTAS-Video, Kissei Comtec Co., Ltd.,
Japan).

Analysis of Muscle Spasticity via a

Swimming Test
The rats swam in a rectangular water pool
(200x50%20 cm, 22°C, unless otherwise indicated). The
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rats were placed at the end of the pool and swam to the
plate on the other end. They were scored while swimming
at 0.6 m in the middle of the pool (after one run).”’ The
degree of body flexion was evaluated during spasticity,
and then examined whether the rats were still in flexed
position after 0.6-m swimming. The rats were scored 1 or
2 if their swimming was in the slightly flexed position
(minor spasticity, each hip was unilaterally flexed to <90°)
for < or > half a run. They were scored 3 or 4 if their
swimming was in the strong flexed position (major spasti-
city, each hip was unilaterally flexed to >90°) for < or >
half a run. All data were the average when 5 runs were
performed. According to the previous report, temperature
affected muscle spasticity.”® After 1-month SCI establish-
ment, the effects of water temperature on muscle spasticity
were evaluated at 15°C, 22°C, and 37°C for successive 3
d. The activities of the animals were recorded by a camera
(positioned in a certain way relative to the testing arena)
and the parameters were measured subsequently by an
automated method.

Muscle Calcium Assay

EDL muscles of the right hindlimb were excised, taken as
much as 10 mg, and ground using a mortar and pestle
(Nitrogen Technologies Inc., Pittsburgh, USA). The
ground muscles were resuspended in 1 mL ddH,O and
centrifuged at 12,000xg for 10 min. The supernatants were
obtained to measure calcium level by using atomic absorp-
tion spectrophotometry in a Perkin—Elmer Model 2380
(Norwalk, CT, USA).

Site-Directed Mutagenesis of Ca,3.2

Calcium Channel a,; Subunit

The Ca,3.2 calcium channel o; subunit was mutant in
pCDNA-3 wusing the quick-change mutagenesis kit
(Stratagene, CA, USA).? For the Ca,3.2 mutant (M1560V),
the Ca,3.2-pCDNA-3 plasmid was used as a template, and the
mutant gene was amplified according to a previous report.>°

Motor Neuron Isolation and Transfection
After 1-month SCI, all rats were anesthetized with enflur-
ane: oxygen: nitrous oxide (1:33:66) and spinal cord sec-
tions were isolated by using sterile surgery and placed in a
sterile Eppendorf tube. Motor neurons were isolated from
the spinal cord and cultured in the medium with DMEM/
F12, 1% N,, 0.5% L-glutamine, 0.5% glucose, and
0.0016% 2-mercaptoethanol.>’ To prevent non-neuronal

cell growth, Fluorodeoxyuridine (FDU) (10 mM, Sigma
Aldrich, St. Louis Missouri, MO, USA) was added to the
medium. The cells were cultured at 37°C in an incubator
with 60% humidity and 5% CO,. The cells were disso-
ciated with trypsin (0.5%) before and plated on glass
coverslips.

M1560V substitution of Ca,3.2 channel ol subunits
(XP_017452441.1) resulted in impaired channel inactiva-
tion and increased intracellular Ca®" concentrations.*
Mutant (M1560V) and wild-type Ca,3.2 channel a; sub-
units (10 pg) DNA were transfected into cells using
Lipofectamine 2000 (Invitrogen) according to the manu-
facturer’s protocol. The cells were cultured at 28°C, and
recordings were conducted after 2-day transfection.

Electrophysiology
Whole-cell currents of Ca,3.2 channel in motoneurons
were measured by using the voltage clamp recordings at
22°C. Current signals were amplified using an A-M
Systems model 2400 patch-clamp amplifier (Sequim,
WA, USA), sampled at 100 kHz and a higher frequency
range was filtered out by the digital low-pass filter at 10
kHz. Data were obtained using a data acquisition system
(Digidatal440A) and analyzed using pClamp 10 software
(Molecular Devices, CA, USA). The resistance of patch
pipettes was 2.0-4 MQ and series resistance was compen-
sated by >80%.

External and internal solution was prepared according to
a previous report.”® Holding potential was set at —120 mV
and current-density was calculated using the ratio of the peak
current and cell capacitance. The voltage-dependent activa-
tion was measured using fitting currents, and generated by
the steps from —80 to 40 mV in 5 mV increments with a
Boltzmann equation.* Steady-state inactivation was evalu-
ated by using a 20 ms test pulse to —20 mV after a 500 ms of
pre-pulse to varied voltages from —140 to —45 mV in 5 mV
steps. Steady-state inactivation (SSI) curves were fitted with
Boltzmann equation.*> Inactivation recovery was calculated
using 1 s of conditioning pulse to —20 mV followed by a test
pulse to —20 mV after 24 ms with 1 ms of step at =120 mV.
Time constants for inactivation recovery were calculated by
using one exponential equation.’® Waveform’s current decay
was analyzed by using Levenberg-Marquardt algorithm.?’

Western Blot Analysis

The antibodies for Ca,3.2 (PA5-77,313) and Goat anti-
Rabbit IgG (H+L) secondary antibody, HRP conjugate
(Product # 31,460) were from Thermo Fisher Scientific,
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Inc. (Waltham, MA, USA). The total protein from spinal
cord was isolated by using the protein isolate kit (Invent,
Plymouth, MN, USA). Western blot was performed
according to a previous report.*®

CaM Pull-Down Assay

The antibody for y-tubulin was from Sigma (MAI1-850
T5192). The antibody for Na'K' ATPase (ST0533) was
from Thermo Fisher Scientific, Inc. (Waltham, MA,
USA) and CaM was from Merck Millipore (05-173,
MA, USA). The motor neuron cells, infected or non-
infected by mutant (M1560V), were incubated with 1
mg/mL  EZ-Link  Sulfo-NHS-SS-Biotin ~ (Thermo
Scientific, Rockford, IL, USA) in PBS (20 mM, pH 8)
with 1 mM Ca®" and 1 mM Mg*" (PBS-CM) on ice for
half an hour. The reaction was stopped in 50 mM glycine
in PBS-CM on ice for 5 min. The cells were scraped and
washed with PBS-CM containing 1 mM PMSF on ice and
transferred to lysis buffer (20 mM Tris—HCI pH §, 100
mM NaCl, 1 mM EGTA, and 1% NP40, 20 mM -glycerol
phosphate and 2 mM Na;VO,) at 4°C for half an hour.
Thirty pg of the sample was used for input. The protein
from each group was incubated with streptavidin-agarose
beads (Invitrogen, Waltham, MA, USA) for 1 h on ice.
Samples were washed with PBS buffer with | mM PMSF,
and proteins were eluted by using PBS buffer with 10 mM
DTT and then treated at 65°C for 10 min. Ca,3.2 channel
protein intensities were compared among different groups.
CaM agarose beads were washed with 4-bed volumes of
PBS buffer, then were incubated with an equal volume of
total protein. The samples were washed with 20 mM Tris—
HCI pH 7.5, 100 mM NaCl and 1% Triton with 1 mM
PMSF.

Statistical Analysis

All data were presented as mean values £ S.D. (standard
deviation) and analyzed by using SPSS software 20.0
(SPSS Inc., Chicago, I1l, USA). A two-way repeated mea-
sure analysis of variance (ANOVA) was performed to
assess the effects of BoT-A Botox on the rat models (0
and 1 month after SCI-induced spasticity). ANOVA fol-
lowed by post hoc analyses, a defined post hoc test for
multiple comparisons within the treatment groups (e.g.
Tukey, Bonferroni), was performed to evaluate the effects
of water temperature on muscle spasticity. Pearson’s cor-
relation coefficient test was used to explore the relation-
ship between relative protein levels of Ca,3.2 and calcium
levels.

Results

Characterization of SCI

After surgery operation, the spinal cord tissue was des-
tructed by the range between 50% and 65% of the spinal
cord cross section. The surgery resulted in tissue damage,
including the symptoms of bleeding, swelling, ischemia,
and inflammation. The dorsal, dorsolateral, and ventrome-
dial funiculi were successfully disrupted, which triggered
secondary damage and extensive non-resolving inflamma-
tion, aggravated neuronal loss and hindered recovery. The
statistical difference for the percentage of spinal cord
destruction was insignificant among all the model groups
(p > 0.05). After 2-day SCI, most rats dragged their hind
limbs with extensive movements in other organisms, such
as hip, knee, and ankle. After 1-week SCI, most model rats
exhibited sweeping activity with hind limbs and difficult
for weight-supporting. After 2-week SCI, the symptoms
were improved and the rats exhibited weight-supporting
with a little difficult. Intact rats swam using the hind limbs
and tail. The rats held the forelimbs under the chin and
steered by using forelimbs. After 1-3 days of SCI, most
rats used their forelimbs for propulsion and only made
hind limb strokes. After 1-2 weeks of SCI, most rats
recovered alternating hind limb usage but still used their
forelimbs. Muscle spasticity was shown with a bent, ven-
troflexed posture and an erected tail.

BoT-A Botox Reduced Muscle Spasticity

For intact rats, the EMG signals showed that they exhib-
ited fast left and right alternating TA activity and no
activity in the RA (Figure 1A). After 1-week SCI, the
rats showed uncommon left and right TA activities and
no RA activity (Figure 1B). After 1-month SCI, the rats in
the WG group still showed left-right alternating TA mus-
cle with lower frequency than that in the CG group.
Comparatively, the RA muscle showed sustained EMG
signals during spasm activity (Figure 1C). Meanwhile,
left and right TA activities were with normal signals,
hind
Comparing with the rats in the WG group, low-dose

suggesting  the limb movements recovered.
BoT-A Botox treatment reduced the range of spasm activ-
ity, and the frequency of left and right TA activities
increased (Figure 1D). Middle-dose BoT-A Botox inter-
vention further reduced the range of spasticity activity and
the frequency of left and right TA activities further
increased (Figure 1E). The range of spasticity activity

reduced to the lowest level and frequencies increased to
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Figure | Electromyographic (EMG) recordings of the effects of BoT-A Botox on SCl-induced muscle spasticity. (A) Intact rat without muscle spasticity. (B) The rats without
muscle spasticity after immediate SCI establishment. (C) The rats developed muscle spasticity after |-month SCI model establishment. (D) the muscle spasticity was reduced
with | U/L of BoT-A Botox treatment. (E) The muscle spasticity was further reduced with 3 U/L of BoT-A Botox treatments. (F) The muscle spasticity was reached the
lowest level with 6 U/L of BoT-A Botox treatments. n = 8 for each group.
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the highest level in the rat models (Figure 1F). All the
results suggest that BoT-A Botox treatment improves mus-
cle spasticity.

The swimming test showed similar EMG signals
among all the groups. The spasm scores were zero
among all groups before SCI model establishment and
the spasm scores in the WG group were higher than
those in other model groups treated by BoT-A Botox and
the spasm scores were reduced with the increase in the
dose of BoT-A Botox usage after 1-month SCI establish-
ment (Figure 2A, p < 0.05). In similar cases, the preva-
lence of major spasticity in the WG was higher than that in
other model groups treated by BoT-A Botox and the pre-
valence of major spasticity was reduced with the increase
in the dose of BoT-A Botox usage after 1-month SCI
establishment (Figure 2B, p < 0.05).

Water Temperature Affected the Severity
of Muscle Spasticity

Water temperature showed significant effects on spasm
scores whereas low temperature increased spasm scores,
and high temperature reduced spasm scores (Figure 2C, p
< 0.05). The results suggest that water temperature affects

the severity of muscle spasticity.

BoT-A Botox Reduced Calcium Release in
EDL Muscles

The calcium level in EDL muscles was lowest in the CG
group and highest in the WG group. BoT-A Botox treat-
ment reduced calcium level in EDL muscles when com-
pared with the WG group and reached the low level in the
HG group (Figure 3, p<0.05). The results suggest that
BoT-A Botox reduces calcium release in EDL muscles in
a dose-dependent way. There may be other molecular
mechanisms for the function of BoT-A Botox in the pre-
vention of SCI-induced muscle spasticity, just like a kind
of calcium channel blocker. Therefore, the level of calcium
channel was measured in the next step.

BoT-A Reduced the Expression of Ca,3.2
Relative protein level of Ca,3.2 in the CG group was lower
than that in the WG group. BoT-A Botox treatment further
reduced relative protein levels of Ca,3.2 when compared
with the WG group and reached the lowest level in the HG
group (Figure 4 and Figure S1, p <0.05). The results suggest
that BoT-A Botox reduces relative protein levels of Ca,3.2 in
a dose-dependent way, which may be the main mechanism
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Figure 2 Swimming analysis of the effects of BoT-A Botox on muscle spasticity. (A)
Muscle spasticity scores after different time of SCl-induced muscle spasticity. (B)
The prevalence of major muscle spasticity after different time of SCl-induced
muscle spasticity. (C) The effects of water temperature on muscle spasticity after
I-month SCl-induced muscle spasticity. n = 8 for each group. °p < 0.05 vs the CG
group, °p < 0.05 vs the WG group, “p < 0.05 vs the LG group, °p < 0.05 vs the MG
group and °p < 0.05 vs the HG group.

for the function of BoT-A Botox in the prevention of SCI-
induced muscle spasticity.

Relative protein levels of Cav3.2 had a strong relation-
ship with the calcium level. Pearson’s correlation coeffi-
cient test showed that the increase in relative protein levels
of Ca,3.2 resulted in an increase in the calcium levels.
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Figure 3 The effects of BoT-A Botox on the calcium level in EDL muscles after |-
month SCl-induced muscle spasticity. n = 8 for each group. *p < 0.05 vs the CG
group, °p < 0.05 vs the WG group, “p < 0.05 vs the LG group, °p < 0.05 vs the MG

group and °p < 0.05 vs the HG group.
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Figure 4 The effects of BoT-A Botox on the protein levels of Ca,3.2 after |-month
SCl-induced muscle spasticity. n = 8 for each group. *p < 0.05 vs the CG group, °p <
0.05 vs the WG group, “p < 0.05 vs the LG group, %p < 0.05 vs the MG group and °p
< 0.05 vs the HG group.

Relative protein levels of Ca,3.2 had a strong relationship
with the calcium levels (Figure 5, rho = 0.712 and p <
0.001). The result suggests that the calcium level may be
affected by the expression level of Ca,3.2 calcium channel
subunits.

Calcium level (mM)

Figure 5 Pearson’s correlation coefficient test of the relationship between relative
protein levels of Ca,3.2 and calcium level. There was a strong relationship if rho > 0.5.

Electrophysiology

Whole-cell patch clamp results showed that the current
signals of mutant M1560V Ca,3.2 channels were signifi-
cantly reduced compared to wild-type channels, whereas
the signals in the group with the overexpression of Ca,3.2
were higher than those in the wild-type channels
(Figure 6A, p < 0.05). The signals were reduced with the
increase in the dose of BoT-A Botox (Figure 6A, p < 0.05).
In similar cases, the peak current values of mutant M1560V
Ca,3.2 channels were significantly reduced compared to
wild-type channels whereas the peak values in the group
with the overexpression of Ca,3.2 were higher than the
wild-type channels (Figure 6B and C, p < 0.05). The peak
current values were reduced with the increase in the dose of
BoT-A Botox (Figure 6B and C, p < 0.05). The results
suggest that BoT-A Botox may reduce the current density
via Ca,3.2.

BoT-A Botox Reduced the Relative Ratio
of Biotinylated to Total (Input) Ca,3.2

The relative ratio of biotinylated to total (input) Ca,3.2 of
wild-type channels (Figure 7A and Figure S2) was lower
than that in the group with overexpression of Ca,3.2
channels (Figure 7B and Figure S2), whereas the ratio in
the group with the M1560V mutant of Ca,3.2 (Figure 7C
and Figure S2) was lower than that in the wild-type chan-
nels (Figure 7A, p < 0.05). BoT-A Botox treatment
reduced the relative ratio of biotinylated to the total
(input) Ca,3.2 in the groups with the wild-type Ca,3.2
channel and overexpression of Ca,3.2 (Figure 7A and B,
p < 0.05). In the mutant group, BoT-A Botox treatment
increased the ratio (Figure 7C, p < 0.05). The un-normal
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Figure 6 The effects of BoT-A Botox on the whole-cell currents of Ca,3.2 channel measured in motoneurons by using the voltage clamp technique. (A) Current signals
among different groups. (B) Current curves among different groups. (C) The peak current densities among different groups. n = 5 for each group. *p < 0.05 vs the group

without BoT-A Botox treatment.

changes may be associated with mutant M1560V. The
results further suggest that BoT-A Botox may reduce the
current density via Ca,3.2.

Discussion
After the establishment of SCl-induced muscle spasm
model, all the rats exhibited the symptoms of muscle
spasticity, which were observed by using swimming
tests. BoT-A Botox treatment improved the symptoms in
a dose-dependent manner, and spasm scores or the preva-
lence of major spasticity were gradually reduced with the
increase in the dose of BoT-A Botox. Furthermore, the
spasticity was affected by water temperature and high
temperature inhibited the incidence of muscle spasticity.
Food and Drug Administration (FDA) has approved BoT-
A for the treatment of strabismus, eyelid spasm, neck dysto-
nia, and cosmetic disorders. A large number of clinical ran-
domized controlled trials and retrospective analyses have
demonstrated that BoT-A injection reduces muscle tone,”

40,41

expands joint mobility of affected joints, and indirectly

improves motor function of patients,*? which makes BoT-A

suitable in the prevention of muscle spasticity.** Toxin is a
neurotoxin produced by Clostridium botulinum in anaerobic
environment. There are different bacterial strains producing
different subtypes of neurotoxin. Among them, BoT-A is the
most toxic and the most stable. The present findings suggest
that BoT-A Botox exerts its function by affecting the expres-
sion of Cav3.2 calcium channel subunit and may prevent
calcium release.**

The normal mechanism for the effects of BoT-A Botox
on calcium release has not been reported yet. The calcium
level in EDL muscles was increased in the SCl-induced
model with muscle spasticity and could be inhibited by
BoT-A Botox (Figure 3). The results suggest that calcium
level in EDL muscles may be the main reason for causing
spasticity since its level in the CG group was lower than
that in the WG group, whereas BoT-A Botox may prevent
spasticity by inhibiting calcium release. The inhibition of
calcium release from the sarcoplasmic reticulum may be a
potential approach to reduce spasticity by uncoupling elec-
trical excitation from contraction.*’ However, the reverse
results have also been reported that the increase in the
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muscle calcium will reduce spasticity severity.'® Much
work is needed to address the important issues.

Furthermore, we explored other possible mechanisms
according to calcium channel blockers in the therapy of
muscle spasticity. Just as we supposed, the expression of
Ca,3.2 was lower in the sham surgery group than that in
the SCI-induced muscle spasticity group (Figure 4). BoT-
A Botox treatment reduced the protein level of Ca,3.2 in a
dose-dependent way. The results suggest BoT-A Botox
may prevent the risk of SCl-induced muscle spasticity
via the calcium channel.

The present findings also demonstrated that the current
changes were caused by Ca,3.2 calcium channel subunit via
the mutant M1560V (Figures 5 and 6). Meanwhile, the BoT-

A Botox treatment also reduced the peak current density of

supposed calcium channel and relative ratio of biotinylated to
total Ca,3.2 in a dose-dependent way. The results further
suggest that BoT-A Botox may prevent the risk of SCI-
induced muscle spasticity via the calcium channel subunit
Ca,3.2. Figures 4-6 showed that the BoT-A Botox treatment
dose-dependently decreased the expression of the channel
subunit protein in the spinal cord while the in vitro tests on
transfected motoneurons suggested a direct inhibitory effect
of BoT-A Botox on Ca®" currents. These are two fundamen-
tally different effects, whereas the calcium-binding dynamics
of the channel protein will affect intracellular Ca.*™°

It is generally accepted that BoT-A exerts its function by
inhibiting the release of acetylcholine at neuromuscular junc-
tion leading to a reduction in muscle tone.*” Furthermore,
BoT-A suppresses the muscle spindle discharge which is a
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major excitatory input to the spinal cord and this may be
another mechanism affecting spasticity.*® The present results
showed that BoT-A Botox treatment reduced the expression
level of Ca,3.2 (Figure 4). Ca,3.2 mediates calcium influx*
while calcium level will also affect acetylcholine release
from motor nerve terminals,” resulting in the change of
muscle activity. The calcium level is maintained by the
calcium channels’' and the decrease in the expression of
calcium channel subunit will result in low-level calcium.
The reduced calcium release reduces acetylcholine release
from motor neurons, and thus relaxed the muscle. It may be a
novel mechanism for BoT-A Botox in the treatment of spas-
ticity via affecting the expression of T-type calcium channel
subunit Ca,3.2. Therefore, there may be multiple mechan-
isms for the effects of BoT-A on muscle spasticity. Much
work is still needed to be done to confirm the present
conclusion.

There were some limitations to the present study. BoT-
A Botox injection can last 6-month effect and has to be
repeated used once every half a year. In the present study,
only 1-month or less duration was explored in the animal
model. The common side effects of BoT-A include urinary
tract infections,’” respiratory tract infection,” fatigue and
weakness® and constipation.’> The related symptoms
were not investigated in the present work.

In summary, the rat model with SCI-induced muscle
spasticity is a useful model to explore the effects of BoT-A
Botox on the progression of muscle spasticity and BoT-A
Botox is a potential drug to treat muscle spasticity by

affecting calcium channel Ca,3.2.
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