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Abstract: Spinal cord ischemia and reperfusion (SCIR) injury is the major cause of a wide range of complications,
including neural degeneration and devastating paraplegia. Decrease of inhibitory neurotransmitters and increase
of excitory neurotransmitters are the major cause for the excitotoxicity of neurons. However, no study has reported
the temporal loss of motor neuron in the ventral horn of spinal cord area following SCIR-induced spastic paralysis,
not even the mechanism under it. In the present study, we found that the rabbits were mainly spastic paralyzed
after spinal cord ischemia-reperfusion injury. And the ischemia 60 min group is the optimal treating condition, be-
cause of the higher rate of spastic paralysis and lower mortality. Motor neurons in the ventral horn of spinal cord
were significant degeneration at 3 h following spastic paralysis and only 12.5% motor neurons were observed at
72 h post-operation, compared with control group. ELISA results indicated that Glycine and GABA were both down-
regulated following spastic paralysis. But Glycine immediately decreased at 10 min post-operation and lasted for
the whole process (at least 72 h). Meanwhile GABA only significantly decreased at 72 h. Furthermore, Glutamic
expression was significant upregulation at 3 hours post-operation, and the upregulation back to the base level at
72 h post-operation. Glutamic receptor-(NR1) and Glycine ol receptor upregulated accordingly, whereas GABBR2
didn’t upregulate significantly until at 72 h post-operation. Abundant extracellular Ca?* influxed into cytoplasm in
neurons following spastic paralysis. The type of paraplegia is mainly spastic paraplegia after SCIR (ischemia 60 min
treatment). Following spastic paraplegia, motor neuron in the ventral horn of spinal cord area was significant degen-
eration at early stage and last for the whole process. It may contribute to the decrease of Glycine at early stage and
followed exitotoxicity, which caused intracellular calcium overload to make neurons dead. It would lay the foundation
for better understanding the motor neuron degeneration and mechanism following spastic paralysis. And it would
supply a novel and effective target for spastic paralysis prevention and therapy.
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Introduction deteriorates [3-5]. But the characteristic of
paraplegia caused by SCIR is rarely reported.

Spinal cord ischemia and reperfusion (SCIR)

injury may develop in a variety of situations,
such as vascular pathologies causing acute
arterial occlusion, surgical interventions reg-
uiring clamping, trauma-causing ischemia, tran-
splantation, and shock [1]. A wide range of
complications, including neural degeneration
and devastating paraplegia, even death, may
develop after SCIR damage. It’s reported about
2%-18% patients displayed neurological
deficits due to SCIR damage [2]. Clinically, lower
limb movement in patients is observed im-
mediately recover after operation but later

Motor neurons are nerve cells whose cell body
is located in the ventral horn of spinal cord and
whose fiber projects outside the spinal cord to
directly or indirectly control effector organs,
mainly muscles and glands. Motor neurons
carry signals from the spinal cord to the effe-
ctors to produce effects. Alpha-motor neurons
(AMNSs or lower motor neurons) reside in the
spinal cord. Dysfunction and death of these
neurons lead to muscle weakness, atrophy, and
spasticity [6, 7]. After spinal cord injury (SCI),
motor neurons degeneration is observed with
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time dependent according to neurotransmit-
ters deregulation [8]. BDNF, Glu, GABA, Glycine
and other neurotransmitters have been dem-
onstrated to involve in inducing motor neuron
degeneration [9-12]. Thus, recovery of motor
neurons activity, protecting motor neurons
from injury through regulating related neu-
rotransmitters or receptor expression is the
widely used and effective strategy [13-15].

However, until now, no study has reported the
variation trend of motor neurons in the ventral
horn of spinal cord following SCIR-induced
spastic paralysis, not even the mechanism
under it. In the present study, we aimed to
determine the mechanism and effects of motor
neurons degeneration.

Materials and methods
Spinal cord ischemia-reperfusion injury model

Adult New Zealand white rabbits (2.2+0.3 kg)
were supplied by the Animal Breeding Center of
Institute of Surgery Research/Daping Hospital
and housed in a light- and temperature-con-
trolled room. All surgical interventions and
postoperative animal care were carried out in
accordance with the Guide for the Care and
Use of Laboratory Animals (National Research
Council, 1996, USA) and approved by the
Animal Use and Care Committee of School of
Medicine, Third Military Medical University. The
spinal cord ischemia-reperfusion injury model
was established according to the previous
study [16]. To established spinal cord ischemia-
reperfusion injury model, thirty-two rabbits
were divided into four groups: normal group,
ischemia 30 min group, ischemia 60 min group
and ischemia 90 min group. At 1 day, 3 days
and 7 days after reperfusion, the rabbits were
photographed and the neurological function
was observed. Briefly speaking, thirty-two rab-
bits were randomly divided into sham group,
ischemia/reperfusion injury group (I/R group,
ischemia for 30, 60 and 90 min respectively).
Each group contained eight rabbits. In I/R
group, rabbits were anesthetized with 3% so-
dium pentobarbital via auricular vein injection,
and fixed in the arm recumbent position. The
surgical area was disinfected with 75% ethanol
and a 6 cm incision was made along the
midline of the inferior border of the left ribs and
the left kidney and the abdominal aorta is
located. The abdominal aorta below the level of
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the renal artery was occluded for 30, 60 and
90 minutes using a 10 g aortic clamp causing
spinal cord ischemic injury respectively. The
wounds were covered with saline gauze and the
arterial clamp was removed 30, 60 and 90
minutes later. The abdominal cavity was closed
after applying and spreading penicillin powder.
In the sham group, only the abdominal cavity
was opened and the abdominal aorta was not
occluded.

Neurologic function assessment

Neurological function was observed at 1 day, 3
days, and 7 days after the procedure. Animals
were classified with a 11-point scale according
to the method of Reuter’s score [17]: O: normal
function; 11: hind-limb paralysis, the higher
score indicates more severe dysfunction.
Paraplegia was identified according to the
Jacobs score [18]: 0, complete paralysis; 1,
minimal functional movement, severe paresis;
2, functional movement, cannot hop; 3, hop-
ping, ataxia and paresis; 4, hopping, mild ata-
xia and/or paresis; and 5, normal. The detailed
rules in Reuter’s score involve in stretch reflex
and muscle tonus were used to classify spastic
paralysis and flaccid paralysis [17]. Stretch
reflex: O, normal; 1, slightly increase/decrease;
2, excite/disappear. Muscular tension: O, nor-
mal; 1, high/low tension; 2, flaccid/spastic. Two
individuals without knowledge of the treatment
graded neurological function independently.

Histological analysis

Rabbits were deeply anesthetized by auricular
vein injection of sodium pentobarbital and
sacrificed by reperfusion with 500 ml of cold
0.01 M phosphate buffered saline (PBS,
pH 7.4), and followed by 1,000 ml of 4% para-
formaldehyde in cold 0.1 mM PB (pH 7.4).
After perfusion, a 30 mm block of the spinal
cord containing the injury site in the middle was
carefully removed and fixed in the same fixation
solution, dehydrated overnight in ethanol, and
embedded in a paraffin blocks. Serial trans-
verse sections were made. For further mor-
phological and morphometric analyses, three
sets of slides each containing serial sections
were stained with hematoxylin and eosin (HE).
Morphometric analysis of spinal cord was car-
ried out in the transverse sections of tissue by
HE stain. Area measurements were performed
using the Image-Pro Plus 5.0 image analysis
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software (Media Cybernetics Inc., Atlanta, GA,
USA). HE staining techniques were used to
assess gray and white matters at the lesion
site. Sections 5 mm rostral to the injury site
were analyzed for residual ventral horn neu-
rons. From each spinal cord, approximately 20
sections were inspected, and all slides were
assessed blindly.

Immunofluorescence

The specimen was transferred to a solution
containing 25% sucrose in 0.1 M PBS (pH 7.4)
at 4°C for frozen section preparation, until it
stayed at the bottom of the container. 20 mm
spinal cord segment containing the entire
injury site 3-6 mm rostral and 3-6 mm caudal
to the injury site for transverse sections was
embedded in tissue freezing medium (Tissue-
Tek, Sakura Finetek Inc, USA). Series 20 ym
thick cross sections were obtained using a
cryostat (Leica CM1900, Bannockburn, IL) and
thaw-mounted on polylysine -coated slides. The
frozen sections were stored at 4°C and would
be used for immunofluorescence double-lab-
eling. Sections were then placed in primary
antibody overnight at 4°C with primary anti-
bodies made in PBS: anti-neurofilament 200
(NF-200) (sigma, N0O142, 1:400) anti-Choline
Acetyltransferase antibody (ChAT) (abcam,
ab18736, 1:100), after incubation with primary
antibodies, sections were washed 3 times in
PBS and incubated with fluorescent-conjugated
secondary antibodies (Alexa 488; FITC; 1:250;
Invitrogen Corp., Carlsbad, CA, USA) and DAPI
for general nuclear staining. Once staining was
complete, sections were mounted on slides,
dried at room temperature and covered with
glycerin (Beyotime, Beijing, China). Images were
captured using a laser scanning confocal micro-
scope (Leica SP-2, Germany). An image post-
processing was done with Adobe CS3 (Adobe
Systems, Inc., San Jose, CA) with equal chang-
es to any images being compared. Co-labeled
cells in per frame were counted.

ELISA

Glycine (N0.105632, Lanpai Bio, Shanghai,
China), Glutamate (MBS2600824, MYBio-
source, San Diego, CA, USA) and GABA
(MBS2602301, MYBiosource, San Diego, CA,
USA) were assessed by ELISA. The ventral horn
of spinal cord was collected from rabbits of
different groups. And then the tissues were
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homogenized in ice-cold lysis buffer containing
20 mM Tris-HCI (pH 7.5), 1 mM EDTA, 5 mM
MgCIQ, 1 mM dithiothreitol, 0.1 mM phenyl-
methylsulfonyl fluoride, and a protease inhibitor
cocktail (Pierce, Rockford, IL, USA). The tissue
homogenate was centrifuged at 12,000 rpm
for 15 min at 4°C, and the protein concentra-
tion of the supernatant was measured using a
Bradford assay. The protein was added into the
plate. The plates were washed 3 in PBS and
added with the bound antibody that reacted
with  HRP-conjugated goat anti-rat IgG
(1:10,000; SABC. City, state) for 1 h at 37°C .
Optical density (OD) at 570 nm was measured
with an ELISA reader.

Western blotting

Spinal cord tissue blocks were dissected using
the same methods as for the histologic study
experiment. The tissue blocks were homoge-
nized in ice-cold lysis buffer containing 20 mM
Tris-HCI (pH7.5), 1 mM EDTA, 5 mM MgCl,, 1
mM dithiothreitol, 0.1 mM phenylmethylsulfo-
nyl fluoride, and a protease inhibitor cocktail
(Pierce, Rockford, IL, USA). The tissue homoge-
nate was centrifuged at 12,000 rpm for 15 min
at 4°C, and the protein concentration of the
supernatant was measured using a Bradford
assay (Beyotime, Beijing, China). Equal amounts
of proteins were resolved by SDS-PAGE and
transferred to a PVDF membrane (Millipore,
Bedford, MA). The membrane was blocked in
Tris-buffered saline (TBS) containing 5% milk
and probed with anti-Gly a1 (1:500; Santa
Cruz, Dallas, USA) and anti-GABAR,, (1:500;
Millipore, Bedford, MA, USA) or NMDAR1
(1:12000; BioSS, Beijng, China). After washing,
the membranes were incubated for 1 hr. At
room temperature with secondary antibodies
(1:20000, zombie, Beijing, China). All blots
were probed with antibodies against GAPDH
(1:3000. Millipore, Bedford, MA, USA) to nor-
malize differences in loading amount. The
relative expression is analyzed as previous
study indicated [19].

Calcium activity

After the rabbits were anesthetized with 3%
sodium pentobarbital, the spinal cord tissues
were collected, homogenized in 0°C neural
basal medium and cut into the tissue block.
Then the tissue block was incubated in 5% CO,
cell incubator for 30 min. After that, the tissue
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block was incubated with Fura-3AM (Sigma-
Aldrich. USA) in Ca?*-free D-Hanks medium for
30 min. After washed with 0.1 M PBS, the medi-
um was replaced with NB + 2% B27 medium.
Then the tissue block was observed timely with
laser scanning confocal microscope at XYT
model to examine the changes in free Ca?
concentration in the tissue block stimulated
by 2,000 nM glutamine.

Statistical analysis

Statistical analyses were performed using
SPSS software, version 18.0 (IBM SPSS,
Armonk, NY, USA). Statistical analysis of data
was performed by one-way analysis of variance
and Student’s t-tests for comparing two groups
and ANOVA analysis for multiple comparisions.
Values are expressed as the mean + standard
error of the mean. P<0.05 was considered to
indicate a statistically significant difference.

Results

Spastic paralysis was induced in spinal cord
ischemia-reperfusion rabbit

We evaluated locomotor function in spinal cord
ischemia-reperfusion rabbit using Jacobs and
Reuter’s score. At 1 day post injury (dpi), the
mean Reuter’s score was 6.25+0.71, followed
by gradual recovery at 3 dpi and 7 dpi in isch-
emia 30 min group (one rabbit was recovered).
In ischemia 60 min and 90 min rabbits, limb
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Figure 1. Score of the Rabbits at different time
point following SCIR. A. 1 day, 3 days and 7 days
post-operation, the neurologic function was re-
corded according to the Reuter’s score. In Reuter’s
score, O indicates normal state and 11 indicates
most severe dysfunction state. B. Paraplegia rate
was statistics. The Jacobs score among 0-1 was
identified as paraplegia. C. Spastic paralysis was
indentified through stretch reflex: O, normal; 1,
slightly increase/decrease; 2, excite/disappear;
and muscular tension: 0, normal; 1, high/low ten-
sion; 2, flaccid/spastic. (n=8).

90min

rigidity, urinary and fecal incontinence were
observed, especially the flexor and extensor
muscle were both high tension. Rabbits in
these two groups were completely paralysis.
The mean Reuter’s score was significant higher
in ischemia 60 min and 90 min groups than
that in ischemia 30 min group (Figure 1A).
According to the Jacobs score among 0-2 was
identified as paraplegia, the percentage of
paraplegia in ischemia 60 min and 90 min
groups were higher than that in ischemia 30
min group (Figure 1B). At 3 dpi and beyond, no
significant difference in percentage of paraple-
gia was observed in ischemia 60 min group and
90 min groups. To further classify the spastic
paralysis and flaccid paralysis, stretch reflex
and muscular tension was identified according
to the Reuter’s score. As the results shown in
Figure 1C, the percentage of spastic paralysis
is 75% in ischemia 30 min group, while the per-
centage in ischemia 60 and 90 min group was
82.5% and 100% at 7 dpi. The severity of dys-
function was no significant in ischemia 60 and
90 min group, but 4 rabbits died in ischemia 90
min group and 1 rabbit died in ischemia 60 min
group during 7 days. It indicated high mortality
in ischemia 90 min group. Therefore, ischemia
60 min group was the optimal treating condi-
tion in following experiments.

Histology change in the ventral horn of spinal
cord after SCIR

To observe the histological change in the ven-
tral horn of spinal cord, the tissue transections
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Figure 2. Histological analyses of spinal cord sections following SCIR. A-D.
H&E staining of the ventral horn of spinal cord area at 3 days post reperfu-
sion. A. Control group; B. Ischemia for 30 min group; C. Ischemia for 60 min
group; D. Ischemia for 90 min group. E, F. H&E staining of the white matter of
spinal cord area at 3 days post reperfusion. E. Control group; F. Ischemia for
30 min group; G. Ischemia for 60 min group; H. Ischemia for 90 min group.
Blue arrows indicate the normal neurons and neurite; black arrows indicate

the edema area and necrotic neurons.

at the 3rd day after SCIR were stained with HE.
HE stain showed that ventral horn neurons with
clear morphous and centered nucleolus were
found in the normal group. Edema was also not
found around neurons and neurite in the spinal
cord (Figure 2A). In the ischemia 30 min group,
mild edema was observed around neuron
(Figure 2B). In the ischemia 60 and 90 min
groups, nucleolus pyknic neuron cells were
found, accompanied with thick color in cyto-
plasm and cellular degeneration (Figure 2C,
2D). Meanwhile, injury on white matters was
also observed by HE staining. As showed in
Figure 2E, nerve fibers were arranged in white
matters, and without inflammatory cell invasion
in normal group. In 30 min ischemia groups,
disorder nerve fibers were found in white mat-
ters, accompanied with the edema around
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neuraxon following reperfu-
sion (Figure 2F). In the isch-
emia 60 and 90 min groups,
nerve fibers were more disor-
der and edema in neuraxon
was more severe. Some neur-
axon disaggregated with vacu-
ole in white matters (Figure
2G, 2H). It suggested that
motor neurons soma was
more severely damaged than
neuraxon.

SCIR induced motor neuron
death in the ventral horn of
spinal cord

As ischemia 60 min group
rabbits had higher paraplegia
rate and lower mortality, we
fundamentally observed rab-
bit in this group in following
researches. To evaluate the
morphology of the surviving
motor neuron cells in ventral
horn, NF-200 and ChAT dou-
ble staining was performed.
The result showed the number
of motor neurons in ventral
horn reduced along with the
elongation of reperfusion. No
significant decreasing was
observed at 10 min after
reperfusion. Whereas, after 3
hours and until 72 hours after
reperfusion, the number of
motor neurons remarkably decreased (Figure
3A). Only 16.7+1.8 and 3.2+0.6 double labeled
cells were found in per field at 6 and 72 hours
after reperfusion separately (Figure 3B).
Collectively, the above results indicated that
the motor neuron cells began to degenerate at
3 hours after reperfusion and last to 72 hours
following spastic paralysis.

Imbalance of EAA/IAA induced excitotoxicity
promoted neurons death following spastic pa-
ralysis

To reveal the potential mechanism of neu-
rotransmitter under neuron death in spastic
paralysis, we conducted tissue ELISA and
Western blotting in ventral horn of spinal cord.
As showed in Figure 4A-C, Glycine and GABA,
which act as an inhibitory amino acid (IAA) in
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Figure 4. Neurotransmitter and the receptor regulated following spastic paralysis. (A-C) ELISA was performed to
determine the expression of Glycine (A), GABA (B) and Glutamic (C) in the ventral horn of spinal cord area of control
group, and 10 min, 3 h, 6 h, 24 h and 72 h post reperfusion group. (D-F) The expression of Gly a1, GABBR2 and
NR1 in the ventral horn of spinal cord area was also determined by Western blotting. GAPDH was used as a loading
control. The relative expression was analyzed. (n=3, *P<0.05, **P<0.01, compared with control group).

the spinal cord, were both downregulated in the
ventral horn of the spinal cord following spastic
paralysis. But there was temporal difference
between Glycine and GABA downregulating.
Glycine was immediately decreased at 10 min
post SCIR and kept in a lower expression level
lasting 72 hours. Whereas, GABA significant
downregulation occurred at the 72 hours post-
operation, and there was no significant differ-
ence on GABA expression at the early stage.
Meanwhile, the excitatory amino acid (EAA),
Glutamic expression was dramatically increa-
sed at 3 hours following spastic paralysis. But
there was reduction at 6 hours and upregula-
tion at 24 hours, then less than normal expres-
sion at 72 hours (Figure 4C). These results sug-
gested that Glutamic present a high expression
in the oscillator type. Furthermore, Western
blotting results indicated that the receptors of
Glycine and GABA were both upregulated fol-
lowing spastic paralysis. As showed in Figure
4D-F, Glycine al receptor (Gly al) was signi-
ficantly increased at 6 hours following spastic
paralysis, and lasted to 24 and 72 hours. The
expression of GABA B2 receptor (GABBR2)
increased at 72 hours post-operation. No sig-
nificant change was observed at the early stage
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(Figure 4E). The receptor of Glutamate, NMDA
receptor 1(NR1) expression was also induced
according to the upregulation of Glutamate
(Figure 4F). All these results showed, following
spastic paralysis, glutamic and its receptors
upregulated, whereas Glycine downregulated
at early stage and GABA at later stage.

Intracellular calcium overload caused the neu-
ron death following spastic paralysis

To further confirm whether the imbalance of
EAA/IAA induced neuron death, the neuronal
calcium activity was detected. Spinal cord ven-
tral horn tissue with different reperfusion time
was collected. The concentration of free calci-
um ions was indicated by fluorescent density
in the cytoplasm. As shown in Figure 5, after
adding 2,000 nM glutamine into neuron from
ventral horn in cultural conditions, the extrace-
llular Ca?* influxed into cytoplasm and quickly
effluxed in control and reperfusion 10 min
group. In contrast, the Ca?* influxed quickly into
the cytoplasm and maintained at relatively high
levels in reperfusion 3 hours and 6 hours
groups. In reperfusion 24 hours and 72 hours
groups, as neurons were severely damaged,
the Ca?" ion channel had no response to gluta-
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Figure 5. The change of free calcium ions in cytoplasm of neurons collected at different time point following spastic paralysis. A. Control group, n=5; B. 10 min fol-
lowing spastic paralysis group, n=4; C. 3 h following spastic paralysis group, n=7; D. 6 h following spastic paralysis group, n=6; E. 24 h following spastic paralysis
group, n=5; F. 72 h following spastic paralysis group, n=4. Each line represents continuous change of free calcium ions concentration in cytoplasm of neurons.
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mine and fluorescent density had no change
groups.

Discussion

In the present study, the rabbit SCIR-induced
spastic paralysis model was established and
identified by us. We found extensive and dis-
persivity degeneration in the gray and white
matters, and neurons in gray matters was
susceptible to ischemia/reperfusion. Further,
motor neurons in the ventral horn of spinal cord
area were degeneration at 3 hours post-reper-
fusion, and only 12.5% motor neurons were
observed at 72 hours post-reperfusion, com-
pared with the normal group. Mechanism inve-
stigations indicated glutamate significantly
increased in the oscillator type, while Glycine
significantly decreased post-reperfusion imme-
diately at early stage and GABA notablely
decreased at later stage. Additionally, higher
intracellular calcium activity was found at 3
hours following SCIR, inversely concordance
with the decreasing of Glycine expression. Our
results would lay the foundation for better
understanding of the neuron degeneration and
mechanism of spastic paralysis. And it would
supply a novel and effective target for preven-
tion and therapy of spastic paralysis.

As we know, excite stretch reflex and spastic
muscular tension are the major physiological
characteristics in spasticity developing. Thus,
stretch reflex and muscular tension are the
main characteristics to identify spasticity in
clinical [20-22]. In the present study, stretch
reflex and muscular tension are introduced to
identify whether the paralysis rabbits are spa-
sticity or not. The identifying rules are accord-
ing to the widely used Reuter’s score [17]. Our
results indicated that the percentage of spastic
paralysis in ischemic 60 min groups is 82.5% at
7 day post-operation, while the percentage is
75% and 100% in ischemic 30 min group and
90 min group. It indicated that paralysis caused
by SCIR was mainly spastic paralysis, and with
elongation the time of ischemia and reperfu-
sion, the hind limb dysfunction aggravated.
Honestly, higher percentage of spastic paraly-
sis in ischemic 90 min groups was observed,
but higher mortality, more severe motor dys-
function and neuropathological damage were
also found. Thus, in consideration of the model
stability, ischemia 60 min operations were
chosen in the subsequent study. Importantly,
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only the spastic paralysis identified rabbits
were used. Collectively, our study established
and identified a stable and clinical-like rabbit
SCIR-induced spastic paralysis model through
ischemia 60 min operations.

In this study, we observed that extensive and
dispersivity degeneration in SCIR damage. But
motor neurons soma in gray matters was more
severely damaged than neuraxon. It indicated
that gray matters was more sensitive to isch-
emia/reperfusion than white matters. Notably,
we firstly demonstrated temporal of motor neu-
rons loss in the ventral horn of spinal cord fol-
lowing SCIR-induced spastic paralysis (Figure
3). Previous study by Ling et al has demonstrat-
ed the temporal and spatial profiles of cell loss
following experimental spinal cord injury [23].
They indicated that decreased motor neurons
occurred at the 1 h post-operation and contin-
ued over a week and the losses decreased with
increasing distance from the epicenter [23]. No
recovery of motor neurons has been found dur-
ing the process [23]. Our study observed the
motor neurons by immunofluorescence with
NF-200 and ChAT co-labeled, which are the
specific biomarker for motor neurons. And our
results indicated that the motor neurons began
to degenerate significantly at 3 hours after
reperfusion, and last to 24 and 72 hours.
Meanwhile, there was no significant difference
at 10 min after reperfusion. The difference on
temporal of motor neurons loss between our
study and Ling’'s may be according to the differ-
ent SCI model used. We established the SCI
model through occluding the abdominal aorta
below the level of the renal artery, causing spi-
nal cord ischemic injury to 60 min, and the arte-
rial clamp was removed, according to the previ-
ous study [16]. But the spinal cord injury model
used in Ling’s study was established by drop-
ping a weight (10 g) through a guide tube 5 cm
directly onto the cord (50 g:cm). It may cause
spinal cord injury more directly, and then induce
motor neurons degeneration more quickly.
Results of us would provide more evidence for
understanding the pathogenesis of SCIR-
induced spastic paralysis.

The abundance of GABAergic and Glycinergic
synaptic terminals, some of which coexist in
the same terminals, and the presence of their
respective post synaptic receptors on motor
neurons are well documented by morphological
evidence [24, 25]. Moreover, ex vivo electro-
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physiological studies in neonatal rat suggest
that Glycine and GABA can be co-released in
spinal motor neurons with temporal and spatial
specificity [26-28]. But in adult rat, Glycine may
take a more important role in mediating seg-
mental, proprioceptive, and bulb spinal post
synaptic inhibition [29]. In the present study,
both of the GABA and Glycine decreasing was
found in the ventral horn of spinal cord area
following SCIR-induced spastic paralysis (Fig-
ure 4). But, importantly, Glycine significantly
decreased at early stage and GABA at later
stage. It indicated that decrease of Glycine and
GABA was not sufficient to antagonism the exi-
totoxicity inducing by increasing glutamate,
which caused motor neurons hyperexcitability,
then releasing a large number of acetylcholine
to neuromuscular junction to make hypertonia.
It suggested that the decrease of inhibitory
neurotransmitters make motor neuron disinhi-
bition. According to the difference of temporal
expression, Glycine may play a major role at
early stage and GABA at later stage. Further evi-
dence by Western blotting indicated that the
temporal of Glycine and GABA receptor increase
was consistent with the temporal of Glycine
and GABA decrease. The increase of receptor
may contribute to compensate for the decrease
of the ligand. Furthermore, according to the
decrease of Glycine and increase of glutamte
at the early stage, higher intracellular calcium
activity was found after reperfusion (Figure 5).
It indicated that the motor neurons in the spinal
cord are in a constant state of disinhibition and
the neurotransmitter imbalance can induce
intracellular calcium overload and neuronal
damage.

In summary, in this study, we identify SCIR dam-
age induced spastic paralysis in rabbit. We
firstly demonstrated temporal of motor neurons
loss in the ventral horn of spinal cord following
SCIR. Mechanism results indicated decrease of
Glycine at early stage and GABA at later stage
was not sufficient to antagonism the exitotoxic-
ity inducing by glutamate, which caused intra-
cellular calcium overload to make neurons
dead. Our results would lay the foundation for
better understanding of the neuron degenera-
tion and pathogenic mechanism of SCIR dam-
age. And it would supply a novel and effective
target for the prevention and therapy to SCIR
damage.
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