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Figure 3. The expression of NF-200 and ChAT were detected in the ventral horn of spinal cord 
area on different time point post-operation. A. anti-NF-200 and anti-ChAT antibody were used 
for immunofluorescence in the ventral horn of spinal cord area. The green fluorescence signal 
indicates NF-200 protein and red fluorescence signal indicates ChAT protein. The nuclear was 
stained by DAPI. The tissues form control group, and 10 min, 3 h, 6 h, 24 h and 72 h post opera-
tion group was collected and used for staining. The double positive cells were labeled with white 
arrow. Scale bar: 150 μm. B. The double positive cells in per field were counted and analyzed. 
(n=40, *P<0.05, **P<0.01, compared with control group). 
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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 α1 receptor (Gly α1) 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 

(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 Ca2+ influxed into cytoplasm and quickly 
effluxed in control and reperfusion 10 min 
group. In contrast, the Ca2+ 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 Ca2+ ion channel had no response to gluta- 

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 α1, 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).
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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, 

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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