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Research Highlights 

(1) Previous treatment of spinal cord injury does not include protection of the motor endplate be-

cause the recovery of muscle motor function depends on the regeneration and reconstruction of the 

neuromuscular junction. 

(2) No studies have reported the effect of basic fibroblast growth factor on anterior horn motor 

neurons and target organ neuromuscular junctions after spinal cord injury. Results showed that 

sic fibroblast growth factor can protect the endplate through increasing the expression of calcitonin 

gene related peptide and acetylcholinesterase in anterior horn motor neurons.  

(3) This study also explored the characteristics of subarachnoid cavity administration, which may 

reduce side effects of systemic administration and directly transfer drugs to the injury site. 

 

Abstract  
The distal end of the spinal cord and neuromuscular junction may develop secondary degeneration 

and damage following spinal cord injury because of the loss of neural connections. In this study, a 

rat model of spinal cord injury, established using a modified Allen’s method, was injected with basic 

fibroblast growth factor solution via subarachnoid catheter. After injection, rats with spinal cord injury 

displayed higher scores on the Basso, Beattie and Bresnahan locomotor scale. Motor function was 

also well recovered and hematoxylin-eosin staining showed that spinal glial scar hyperplasia was 

not apparent. Additionally, anterior tibial muscle fibers slowly, but progressively, atrophied. 

nohistochemical staining showed that the absorbance values of calcitonin gene related peptide and 

acetylcholinesterase in anterior tibial muscle and spinal cord were similar, and injection of basic 

broblast growth factor increased this absorbance. Results showed that after spinal cord injury, the 

distal motor neurons and motor endplate degenerated. Changes in calcitonin gene related peptide 

and acetylcholinesterase in the spinal cord anterior horn motor neurons and motor endplate then 

occurred that were consistent with this regeneration. Our findings indicate that basic fibroblast 

growth factor can protect the endplate through attenuating the decreased expression of calcitonin 

gene related peptide and acetylcholinesterase in anterior horn motor neurons of the injured spinal 

cord. 
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INTRODUCTION 

    

The pathological and physiological process 

of spinal cord injury, mainly caused by spinal 

trauma, occurs in two phases, namely pri-

mary and secondary injury
[1-2]

. Spinal cord 

contusion injury and its secondary impair-

ment may lead to neuronal cell death, loss 

of oligodendrocytes, inflammation, astrocyte 

glial scar hyperplasia and permanent neu-

rological deficits. Secondary injury may fur-

ther exacerbate primary lesions, thus ag-

gravating spinal cord injury and neurological 

deficits. The secondary injury process also 

provides many targets for the treatment of 

spinal cord injury. Current studies mainly 

explore secondary damage following spinal 

cord injury, pathophysiological changes in 

the injured spinal cord and neural regenera-

tion at the local injury site
[3]

; however the 

degeneration and protection measures in 

the distal end of the injured spinal cord and 

target organ muscle effector have scarcely 

been investigated. 

 

Under normal physiological conditions, the 

upper and lower motor neurons constantly 

transfer signals to each other. Anterior horn 

alpha motor neurons are in contact with 

skeletal muscle fibers via the neuromuscular 

junction (motor endplate). They concomi-

tantly regulate a variety of physiological func-

tions, and provide nutrition, in the skeletal 

muscle. When the distal reflex arc is in good 

condition, the injured spinal cord may de-

velop secondary degeneration and impair-

ment due to the loss of nerve connection in 

the distal spinal cord and neuromuscular 

junction
[4-10]

. The current treatment of spinal 

cord injury pays little attention to the protec-

tion of the motor endplate, but this seems 

counterintuitive as final recovery of neuro-

muscular function depends on the regenera-

tion and reconstruction of the neuromuscular 

junction. 

 

The acetylcholinesterase content and activity 

in motor neurons can reflect its function
[11-13]

. 

Acetylcholinesterase content in the neuro-

muscular junction is regarded as an indicator 

of motor endplate degeneration, recovery, 

and regeneration
[14-19]

. When injured motor 

neurons begin to recover, acetylcholineste-

rase content in the neuromuscular junction 

gradually returns to normal, and endplate 

ultrastructure is restored
[4]

. Calcitonin gene 

related peptide is widely distributed in the 

central and peripheral nervous system, and 

is involved in a variety of physiological and 

pathological activities
[20-30]

. Calcitonin gene 

related peptide can induce the expression 

and aggregation of the acetylcholine recep-

tor, and also participates in the regulation of 

acetylcholinesterase through unknown 

pathways
[31-33]

. Calcitonin gene related pep-

tide, synthesized in alpha motor neurons of 

spinal cord anterior horn, is associated with 

persistent excitability of central nerves
[34]

. In 

a spinal cord transection model in rats, up-

per motor neurons were injured and alpha 

motor neurons lost signal stimulation from 

higher centers to promote the synthesis of 

calcitonin gene related peptide. Calcitonin 

gene related peptide synthesis in cell bodies 

subsequently decreased, causing a reduc-

tion in the release from the axon terminal 

junction. Cyclic adenosine monophosphate 

then increased in skeletal muscle cells, thus 

weakening the ability of calcitonin gene re-

lated peptide to regulate acetylcholine re-

ceptor phosphorylation and aggregation, 

leading to endplate degeneration and mus-

cle atrophy
[35]

. The content of calcitonin 

gene related peptide at the neuromuscular 

junction can reflect endplate degeneration 

and restoration. In fact, calcitonin gene re-

lated peptide is a more sensitive marker 

than acetylcholinesterase for the detection 

of motor endplate changes
[10]

. 

 

Basic fibroblast growth factor is involved in 

the protection of nerves and contributes to 

the nutrition of damaged neurons following 

spinal cord injury
[36-44]

. In a peripheral nerve 

injury model, basic fibroblast growth factor 

can prevent the degeneration and death of 

motor neurons in the anterior horn of the 

spinal cord caused by the attenuation of 

effector feedback
[45]

. Basic fibroblast growth 

factor also promotes the regeneration of the 

muscle motor endplate and the recovery of 

motor function after denervation
[46]

. However,
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the effect of basic fibroblast growth factor on motor neu-

rons in the anterior horn of the injured spinal cord, and on 

the number of neuromuscular junctions in target organs, 

remains elusive. 

 

Hematoxylin-eosin staining revealed that white matter 

residue of varying thickness was visible in the injured 

spinal cord of rats. Residual motor neurons were also 

seen in the anterior horn of the spinal cord
[36]

. Local drug 

administration via subarachnoid catheter shows good 

effectiveness, because of compensatory effects in resi-

dual motor neurons
[36-37]

. 

 

The present study explored the expression of calcitonin 

gene related peptide and acetylcholinesterase in spinal 

cord anterior horn motor neurons of rats with spinal cord 

injury, following the injection of basic fibroblast growth 

factor using a subarachnoid catheter. These studies pro-

vide evidence for the protection of motor endplate de-

generation after spinal cord injury and the possible me-

chanism of these protective effects.   

 

 

RESULTS 

 

Quantitative analysis of experimental animals 

Forty-five Sprague-Dawley rats were randomly divided 

into three groups: sham operated group (n = 5), basic 

fibroblast growth factor group (n = 20), and saline group 

(n = 20). A spinal cord injury model was produced in the 

basic fibroblast growth factor and saline groups. In the 

basic fibroblast growth factor group, rats were injected 

with basic fibroblast growth factor solution via sub-

arachnoid catheter into the injured spinal cord at 0.5, 1, 2, 

3, 4, 6, 12, 24, 48 hours post-injury, and then once per 

week. In the saline group, rats were injected with an 

equal volume of physiological saline at the same time. 

The sham operated control group received no treatment. 

There were six deaths in the basic fibroblast growth fac-

tor group and four deaths in the saline group, due to 

paraplegia and complications. In addition, five rats in the 

basic fibroblast growth factor group and six rats in the 

saline group were excluded due to catheter prolapse, 

which was the result of rat self-discomfort or poor fixation. 

Two rats in the basic fibroblast growth factor group and 

three rats in the saline group failed model establishment. 

All the excluded rats were supplemented in time. Overall, 

45 rats were involved in the results analysis. Five rats in 

the basic fibroblast growth factor group and saline group 

were selected at 1, 2, 4, and 8 weeks, while 5 rats in the 

sham operated group were used at 1 week after model 

establishment, for the detection of hindlimb function us-

ing the Basso, Beattie and Bresnahan (BBB) locomotor  

scale. Tissue at the injured spinal cord and anterior tibial 

muscle were observed using hematoxylin-eosin staining, 

and changes in calcitonin gene related peptide and ace-

tylcholinesterase were determined using immunohisto-

chemistry. 

 

Basic fibroblast growth factor promoted the recovery 

of hindlimb locomotor function in rats with spinal 

cord injury 

Prior to the establishment of spinal cord injury, the base-

line BBB score was 21 points. After the model was es-

tablished, rats in the sham operated group showed 

normal function, with 21 points. BBB scores in the basic 

fibroblast growth factor and saline groups increased 

gradually, and hindlimb motor function recovered to dif-

ferent degrees. At 1 week after modeling, there was no 

significant difference in BBB scores between the basic 

fibroblast growth factor group and saline group (P > 0.05). 

At 2 weeks, the basic fibroblast growth factor group 

showed significantly higher BBB scores and better re-

covery of motor function than the saline group (P < 0.05; 

Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Basic fibroblast growth factor improved the 

pathological changes of injured spinal cord and 

anterior tibial muscle in rats 

Hematoxylin-eosin staining in spinal cord 

At 1 week post-injury, neurons and glial cells in the sham 

Table 1  Rat hindlimb motor function after spinal cord 
injury (BBB score, mean ± SD) 

Group 
Time after model establishment (week) 

1 2 

Basic fibroblast growth 

factor 

3.33±0.48  5.19±0.79ab 

Saline 3.56±0.72 4.08±0.49 

Group 

Time after model establishment (week) 

4 8 

Basic fibroblast growth 

factor 

 8.31±0.65abc 14.66±1.38abcd 

Saline 6.69±1.24bc 8.95±0.85bcd 

 
Data are expressed as mean ± SD. Five rats were used in each 

group at each time point. Basso, Beattie and Bresnahan locomotor 

(BBB) scores between groups were compared using one-way 

analysis of variance (F test) and least significant difference t-test. 

The higher BBB scores indicated better hindlimb function.aP < 0.05, 

vs. saline group; bP < 0.05, vs. 1 week post-surgery; cP < 0.05, vs.  

2 weeks post-surgery; dP < 0.05, vs. 4 weeks post-surgery.  

In the basic fibroblast growth factor group, rats were injected with 

basic fibroblast growth factor solution via subarachnoid catheter. In 

the saline group, rats were injected with equal volume of 

physiological saline.  
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group showed a dense structure, apparently visible nuc-

lei and deeply stained nucleolus, with no infiltration of 

inflammatory cells (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the basic fibroblast growth factor and saline groups at 

1 week, anterior horn motor neurons were pyknotic and 

lightly stained because of cell body edema. Cystic 

changes were present in the gray matter, and the 

number of Nissl bodies decreased. Nucleoli also dis-

appeared, and inflammatory cell infiltration and glial cell 

hypertrophy were observed. These findings were con-

sistent with the motor neuron damage after spinal cord 

injury, but the signal in the basic fibroblast growth factor 

group was lighter than the saline group (Figure 2). At 2 

weeks, anterior horn motor neurons in the saline group 

began to shrink, nuclei disappeared, and projections 

and Nissl bodies decreased. Necrotic cavities were 

observed, glial cell proliferation and inflammatory reac-

tion were visible. By contrast, glial cell proliferation was 

not obvious, and nuclei were visible in motor neurons in 

the basic fibroblast growth factor group. At 4 weeks, 

neural protrusions and Nissl bodies increased in the 

saline group, but cells were still lightly stained, and glial 

cell hyperplasia was apparent. The number of spinal 

cord anterior horn neurons increased in the basic fi-

broblast growth factor group, and displayed normal 

morphology and staining for the cell nucleus and nuc-

leolus. At 8 weeks, the number of spinal cord anterior 

horn motor neurons was higher in the basic fibroblast 

growth factor group, and some cells became larger and 

recovered normal morphology. Nuclei were clearly visi-

ble, and hyperplasia of the glial scar was not obvious. In 

the saline group, motor neurons were unchanged when 

compared with results seen at 4 weeks, and a glial scar 

had formed (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hematoxylin-eosin staining in anterior tibial muscle 

In the sham group, muscle fibers were arranged in an 

orderly manner, with uniform and deep staining. The 

number of muscle cells increased (Figure 1). At 1 week 

post-injury, muscle fibers in the saline group showed 

progressive atrophy and hyperplasia in connective tissue 

was observed. Atrophy of muscle fibers occurred to a 

lesser extent in the basic fibroblast growth factor group 

compared with the saline group at each time point, and 

were completely recovered at 8 weeks (Figures 2, 3). 

 

Basic fibroblast growth factor increased calcitonin 

gene related peptide expression in spinal cord and 

anterior tibial muscle of rats with spinal cord injury 

Positive expression of calcitonin gene related peptide in 

anterior horn motor neurons of the spinal cord in the 

sham group stained as pale yellow, yellow, and brown 

(Figure 4). At 1 week post-injury, absorbance in the basic 

fibroblast growth factor and saline groups decreased 

significantly, and the distribution of staining reduced sig-

nificantly. Staining also became lighter compared with 

Figure 1  Hematoxylin-eosin staining in rats from the 
sham operated group (× 200). 

(A) Spinal cord; (B) anterior tibial muscle. Under an 
XSP8CE optical microscope, spinal cord neurons and glial 
cells displayed a compact structure with clearly visible 

nuclei. The nucleoli were also stained and no inflammatory 
cell infiltration was observed. Anterior tibial muscle fibers 
were arranged in an orderly manner and were uniformly 

stained. The number of nuclei were increased and strongly 
stained. Arrow shows the stained neurons. 

A B 

100 μm 

 

Figure 2  Hematoxylin-eosin staining of rats at 1 week 
after spinal cord injury (× 200). 

(A) Spinal cord and (B) anterior tibial muscle from the 
saline group. (C) Spinal cord and (D) anterior tibial muscle 

from the basic fibroblast growth factor (bFGF) group. After 
spinal cord injury, rats in the bFGF group were injected 
with bFGF solution via subarachnoid catheter, while the 

saline group received an equal volume of saline. At      
1 week after injury, spinal cord and anterior tibial muscle 
specimens were stained with hematoxylin and eosin, and 

then observed under an XSP8CE optical microscope. The 
anterior horn motor neurons were pyknotic, and cystic 
changes were present in the gray matter. The number of 

Nissl bodies decreased, and nucleoli disappeared. 
Inflammatory cell infiltration and glial cell hypertrophy were 
observed in the saline and bFGF groups. However, the 

staining in the bFGF group was lighter than the saline 
group. In addition, anterior tibial muscle appeared to 
progressively atrophy and hyperplasia in connective 

tissues was observed more readily in the saline group 
compared with the bFGF group. 

A B 

C D 

100 μm 
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the sham group (Figure 5). After spinal cord injury, ab-

sorbance in the basic fibroblast growth factor and saline 

groups gradually increased, but was still lower than the 

sham group. At 2 weeks, the absorbance in the basic 

fibroblast growth factor group was higher than the saline 

group (Figures 6, 7). Immunohistochemical staining 

showed that anterior tibial muscle fibers in the sham 

group were stained as pale yellow and yellow spots or 

patches (Figure 4). The time-dependent absorbance 

change of anterior tibialis muscle was consistent with 

immunohistochemical staining results of calcitonin gene 

related peptide in spinal cord. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Basic fibroblast growth factor increased 

acetylcholinesterase expression in spinal cord and 

anterior tibial muscle of rats with spinal cord injury 

Positive expression of acetylcholinesterase in anterior 

horn motor neurons of the spinal cord in the sham 

group stained as pale yellow, yellow, and brown (Figure 

8). At 1 week post-injury, the absorbance in the basic 

fibroblast growth factor and saline groups decreased 

significantly compared with the sham group (Figure 9). 

At 2 weeks, absorbance in the two groups remained 

unchanged and gradually increased at 4 and 8 weeks. 

Absorbance in the basic fibroblast growth factor group 

was higher than the saline group (Figures 10, 11). Im-

munohistochemical staining showed that anterior tibial 

muscle fibers in the sham group were stained as pale 

yellow and yellow spots or patches (Figure 8). The 

time-dependent absorbance change of anterior tibialis 

muscle was consistent with immunohistochemical 

staining results for acetylcholinesterase in the spinal 

cord. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

Our findings have confirmed that anterior horn motor 

neurons and motor endplates degenerated following 

spinal cord injury. Basic fibroblast growth factor could 

protect motor endplates from degeneration, through 

protecting motor neurons and mediating the expression 

of calcitonin gene related peptide and acetylcholineste-

rase, accordingly promoting the recovery of motor func-

tion in rats. The activity, distribution and quantity of ace-

tylcholinesterase and calcitonin gene related peptide can 

reflect the degeneration and regeneration of motor neu-

rons
[4]

 and the endplates
[15]

. Calcitonin gene related pep-

tide, synthesized in spinal cord anterior horn motor neu-

rons, may reach the neuromuscular junction via antero-

grade axoplasmic transport, and then co-exist with ace-

tylcholine in the motor endplate. Calcitonin gene related 

Figure 3  Hematoxylin-eosin staining of rats at 8 weeks 

after spinal cord injury (× 200). 

(A) Spinal cord and (B) anterior tibial muscle from the 
saline group. (C) Spinal cord and (D) anterior tibial muscle 
from the basic fibroblast growth factor (bFGF) group. After 

spinal cord injury, rats in the bFGF group were injected 
with bFGF solution via subarachnoid catheter, while the 
saline group received an equal volume of saline. At      

8 weeks, spinal cord and anterior tibial muscle specimens 
were stained with hematoxylin and eosin and then 
observed under an XSP8CE optical microscope. Spinal 

cord anterior horn motor neurons increased in the bFGF 
group, with some cells becoming larger and recovering 
normal morphology. Nuclei were clearly visible and 

hyperplasia was not obvious. By contrast, a glial scar 
formed in the saline group. The anterior tibial muscle in the 
saline group showed progressive atrophy and hyperplasia 

of connective tissues, while muscle fibers in the bFGF 
group fully recovered. 

A B 

C D 

100 μm 

 

Figure 4  Immunohistochemical staining for calcitonin 
gene related peptide (CGRP) in the sham operated group 
(× 200). 

(A) Spinal cord; (B) anterior tibial muscle. No treatment 
was given in sham operated group after injury. At 1 week 

post-surgery, spinal cord and anterior tibial muscle 
specimens were subjected to CGRP 
immunohistochemical staining, and observed under an 

XSP8CE optical microscope. Positive staining for CGRP in 
anterior horn motor neurons was pale yellow, yellow, and 
brown. Anterior tibial muscle fibers were arranged in order, 

with uniform and deep staining. The number of nuclei in 
muscle cells increased. Anterior tibial muscle fibers were 
stained as light yellow or yellow spots or patches. Arrows 

represent cells positively stained for CGRP. 

100 μm 

 

A B 
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peptide also contributes to the regulation of the acetyl-

cholinesterase dimer and performs other functions in the 

end plate through as-yet unknown pathways
[31]

. Our 

findings suggest that calcitonin gene related peptide 

levels increase earlier during the recovery phase com-

pared with acetylcholinesterase, which is consistent with 

a previous report
[47]

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Within 8 weeks post-injury, the expression of acetylcho-

linesterase and calcitonin gene related peptide in rat 

injured spinal cord from the saline group was lower than 

the sham rats. Furthermore, anterior horn motor neurons 

of the spinal cord T9 segment were injured and displayed 

local inflammation, as well as hindlimb muscle atrophy. 

BBB score was also significantly lower than the sham 

group, indicating motor neuron degeneration after spinal 

cord injury, as previously described
[48]

. The degeneration 

mechanism may depend on two factors: one is rupture of 

nerve fibers at the primary injury site, resulting in loss of 

nutrition and signal transmission support in the distal 

motor neurons, ultimately leading to neuronal degenera-

tion
[34]

. The other factor is the decrease in neurotrophic 

factor feedback provided for motor neurons, resulting in a 

weakened ability for muscle movement
[49]

. 
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C D 

Figure 5  Immunohistochemical staining for calcitonin 
gene related peptide (CGRP) in rats at 1 week after spinal 
cord injury (× 200). 

(A) Spinal cord and (B) anterior tibial muscle from the 
saline group.(C) Spinal cord and (D) anterior tibial muscle 

from the basic fibroblast growth factor (bFGF) group. After 
spinal cord injury, rats in the bFGF group were injected 
with bFGF solution via subarachnoid catheter, while the 

saline group received an equal volume of saline. At      
1 week, spinal cord and anterior tibial muscle specimens 
were subjected to immunohistochemical staining for 

CGRP and observed under an XSP8CE optical 
microscope. Compared with the sham operated group, 
immunoreactive cells in the spinal cord and anterior tibial 

muscle were significantly reduced and lightly stained in the 
bFGF and saline groups. There was no significant 
difference between the bFGF and saline groups. Arrows 

represent cells positively stained for CGRP. 

Figure 6  Immunohistochemical staining for calcitonin 
gene related peptide (CGRP) in rats at 8 weeks after 
spinal cord injury (× 200). 

(A) Spinal cord and (B) anterior tibial muscle from the 
saline group. (C) Spinal cord and (D) anterior tibial muscle 
from the basic fibroblast growth factor (bFGF) group. After 
spinal cord injury, rats in the bFGF group were injected 

with bFGF solution via subarachnoid catheter, while the 
saline group received an equal volume of saline. At      
8 weeks, spinal cord and anterior tibial muscle specimens 

were subjected to immunohistochemical staining for 
CGRP, and observed under an XSP8CE optical 
microscope. Compared with the saline group, 

immunoreactive cells in the spinal cord and anterior tibial 
muscle were significantly increased and deeply stained in 
the bFGF group. Arrows represent cells positively stained 

for CGRP. 

A B 

C D 

100 μm 

 

Figure 7  Effect of basic fibroblast growth factor (bFGF) 
on the expression of calcitonin gene related peptide 

(CGRP) in the rat spinal cord. 

After spinal cord injury, rats from the bFGF group were 
injected with bFGF solution via a subarachnoid catheter, 
while the saline group received an equal volume of saline. 

Five rats in the bFGF group and saline group were 
selected at 1, 2, 4, and 8 weeks, while five rats at 1 week 
from the sham operated (sham) group were used. CGRP 

staining in the spinal cord and specimens was observed 
under an XSP8CE optical microscope. The absorbance of 
positively expressed cells was measured with an 

Image-Pro Plus 6 image analysis system.  

Data were expressed as mean ± SD and were compared 
using one-way analysis of variance (F test) and least 
significant difference t-test. After spinal cord injury, the 

absorbance in the bFGF group and saline group gradually 
increased. aP < 0.05, vs. saline group. 
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Similarly, our study also confirmed motor endplates be-

low the injury level also degenerated after spinal cord 

injury
[49]

. Within 8 weeks after spinal cord injury, acetyl-

cholinesterase and calcitonin gene related peptide ex-

pression levels in anterior tibial muscle motor endplate 

from the saline treated rats were still lower than in the 

sham operated group.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In addition, anterior tibial muscle in the hindlimb showed 

atrophy to varying degrees, and motor function was sig-

nificantly reduced. Muscle fiber atrophy and connective 

tissue were visible and then gradually recovered. This 

evidence suggests that the quantity, morphology and 

distribution of muscle fiber neuromuscular junctions 

changed or degenerated
[10, 50]

. After spinal cord injury, 

calcitonin gene related peptide degeneration and recov-

ery were the same in spinal cord anterior horn motor 

neurons and motor endplate. Acetylcholinesterase ex-

pression level changes in motor neurons and neuro-

muscular junction were also consistent, but peripheral 

nerves did not degenerate
[5]

. We conclude that after 

spinal cord injury, although the lower motor neurons and 

neural circuits were intact, anterior horn motor neurons 

below the injury level degenerated, thus reducing calci-

tonin gene related peptide synthesis and release from 

nerve endings. Calcitonin gene related peptide and ace-

tylcholinesterase content in the endplate also decreased, 

and motor endplates accordingly degenerated and mus-

cle fiber atrophy occurred. 

Figure 8  Immunohistochemical staining for 
acetylcholinesterase in the sham operated group (× 200). 

(A) Spinal cord; (B) anterior tibial muscle. No treatment 
was given to the sham group after injury. At 1 week 

post-surgery, spinal cord and anterior tibial muscle 
specimens were subjected to immunohistochemical 
staining for acetylcholinesterase and observed under an 

XSP8CE optical microscope. Positive staining for 
acetylcholinesterase in anterior horn motor neurons was 
pale yellow, yellow, and brown. Anterior tibial muscle fibers 

were stained as light yellow or yellow spots or patches. 
Arrows represent positively staining for 
acetylcholinesterase. 

100 μm 
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Figure 9  Immunohistochemical staining for 
acetylcholinesterase in rats 1 week after spinal cord injury 

(× 200). 

(A) Spinal cord and (B) anterior tibial muscle from the 
saline group.(C) Spinal cord and (D) anterior tibial muscle 
from the basic fibroblast growth factor (bFGF) group. After 

spinal cord injury, rats in the bFGF group were injected 
with bFGF solution via subarachnoid catheter, while the 
saline group received an equal volume of saline. At      

1 week post-injury, spinal cord and anterior tibial muscle 
specimens were subjected to immunohistochemical 
staining for acetylcholinesterase and were observed under 

an XSP8CE optical microscope. Compared with the sham 
operated group, immunoreactive cells in the spinal cord 
and anterior tibial muscle were significantly reduced and 

lightly stained in the bFGF and saline groups. More 
immunoreactive cells were seen in the bFGF group than in 
the saline group. Arrows represent cells positively 

expressing acetylcholinesterase. 

B 

C D 
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Figure 10  Immunohistochemical staining for 
acetylcholinesterase in rats at 8 weeks after spinal cord 
injury (× 200). 

(A) Spinal cord and (B) anterior tibial muscle from the 
saline group. (C) Spinal cord and (D) anterior tibial muscle 
from the basic fibroblast growth factor (bFGF) group. After 
spinal cord injury, rats in the bFGF group were injected 

with bFGF solution via subarachnoid catheter, while the 
saline group received an equal volume of saline. At      
8 weeks, spinal cord and anterior tibial muscle specimens 

were subjected to immunohistochemical staining for 
acetylcholinesterase, and observed under an XSP8CE 
optical microscope. Compared with the saline group, 

immunoreactive cells in spinal cord and anterior tibial 
muscle were significantly increased and deeply stained in 
the bFGF. Arrows represent cells positively expressing 

acetylcholinesterase. 
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Methylprednisolone is generally considered the most 

effective drug in the treatment of acute spinal cord injury, 

as it can significantly reduce secondary injury, prevent 

apoptosis of nerve cells, and promote nerve cell recov-

ery
[51]

. The suggested regime for methylprednisolone in 

this situation is administration within 8 hours via shock 

therapy; however high-dose chemotherapy may produce 

serious complications
[51-52]

. Nerve growth factor also has 

some protective effects and the muscle extract, moto-

neuronotrophic factor 1 or 2, can promote motor neuron 

growth
[52]

; however it is difficult to obtain these extrac-

tions
[53]

. After spinal cord injury, glial cell-derived neuro-

trophic factor increased the expression of calcitonin gene 

related peptide in spinal cord, and promoted motor re-

covery, but also increased positive expression of calci-

tonin gene related peptide in pain neurons, and signifi-

cantly decreased pain threshold
[53]

. At present, protection 

of motor neurons following traumatic injury still lacks an 

effective factor. Basic fibroblast growth factor has been 

shown to have a protective effect on injured spinal cord, 

such as reducing neural cell death and promoting the 

recovery of neurological function
[38-39, 54-55]

. Follesa and 

colleagues
[56]

 and Moccheti et al 
[57]

 found that basic fi-

broblast growth factor mRNA and protein levels in the 

injured spinal cord were increased significantly during 

the early stages of injury. High-dose methylprednisolone 

may reduce secondary injury and increase the expres-

sion of endogenous basic fibroblast growth factor in the 

spinal cord, and also provide nutrition for nerve cells and 

protect injured spinal cord
[58]

. Following spinal cord injury, 

local damage factor c-fos mRNA transcription increased, 

but exogenous basic fibroblast growth factor can inhibit 

the c-fos gene at the injury site
[59-60]

. After an injured pe-

ripheral nerve is repaired following treatment with basic 

fibroblast growth factor or physiological saline, basic 

fibroblast growth factor could promote motor endplate 

regeneration and motor functional recovery at 12 weeks 

after denervation
[24]

. 

 

Therefore, we used recombinant bovine basic fibroblast 

growth factor for local delivery to explore the morphology 

of motor neurons and motor endplate. Changes in calci-

tonin gene related peptide and acetylcholinesterase fol-

lowing spinal cord injury were also investigated. We 

conclude that subarachnoid injection of basic fibroblast 

growth factor can protect motor neurons in the spinal 

cord anterior horn, and promote motor neuron synthesis 

and release motor endplate protective factors (calcitonin 

gene related peptide and acetylcholinesterase), thus 

preventing motor endplate degeneration and promoting 

the recovery of motor function in rats. We speculate that 

basic fibroblast growth factor has four effects on the in-

jured spinal cord: it protects damaged neurons; reduces 

glial cell hypertrophy; provides nutrition for the regenera-

tion of nerve fibers and promote angiogenesis to improve 

microcirculation
[61]

. The quantity, ultrastructure, and 

changes at a molecular level of motor endplates and 

neurons require further study. 

 

In summary, the repair of spinal cord injury should not be 

restricted to functions of the local spinal cord and neural 

regeneration through nerve stump. More consideration 

focusing on the functions of the distal spinal cord after 

spinal cord injury and the degeneration of target organ 

effector structure function should be made because 

eventual recovery of muscle motor function depends on 

neuromuscular junction regeneration and reconstruction. 

This evidence will guide research into the repair me-

chanisms and clinical treatment of spinal cord injury. 

 

 

MATERIALS AND METHODS 

 

Design 

An in vivo animal experiment. 

Figure 11  Effect of basic fibroblast growth factor (bFGF) 
on the expression of acetylcholinesterase in the spinal 
cord of rats. 

After spinal cord injury, rats in the bFGF group were 
injected with bFGF solution via subarachnoid catheter, 

while the saline group received an equal volume of saline. 
Five rats in the bFGF group and saline group were 
selected at 1, 2, 4, and 8 weeks, while five rats at 1 week 

post injury were used in the sham operated (sham) group 
for immunohistochemical staining. Specimens were 
observed under an XSP8CE optical microscope. The 

absorbance of positively expressed cells was measured 
using an Image-Pro Plus 6 image analysis system.  

Data were expressed as mean ± SD and were compared 

using one-way analysis of variance (F test) and least 
significant difference t-test. After spinal cord injury, the 
absorbance in the bFGF group and saline group was 

significantly lower than that of the sham group. At 2 weeks, 
the absorbance was unchanged. At 4 and 8 weeks, the 
absorbance gradually increased. aP < 0.05, vs. saline 

group. 
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Time and setting 

Experiments were completed in the Third Xiangya Hos-

pital of Central South University, China from April to De-

cember in 2011. Experimental animal feeding and model 

establishment were performed in the Experimental Ani-

mal Center of the Third Xiangya Hospital of Central 

South University in China. Specimen collection, slicing 

and immunohistochemistry were conducted in the Cen-

tral Laboratory of the Third Xiangya Hospital of Central 

South University, China. 

 

Materials 

Animals 

Forty-five healthy adult Sprague-Dawley male rats, 

weighing 200–250 g, and of clean grade, were provided 

by the Experimental Animal Center of the Third Xiangya 

Hospital of Central South University, China [license No. 

SCXK (Xiang) 2009-0004]. Rats were housed in sepa-

rate cages (Suzhou Fengshi Laboratory Animal Equip-

ment Co., Ltd., Suzhou, Jiangsu Province, China), and 

allowed free access to food and water. Rats lived under 

14-hour lighting conditions in 40–60% humidity at 

20–22°C. 

 

Drugs 

Recombinant bovine basic fibroblast growth factor (Yi-

sheng Biological Pharmaceutical Co., Ltd., Zhuhai, 

Guangdong Province, China), at analytically pure grade 

(1 mg powder is equivalent to 1 890 000 IU) was used in 

this study. Basic fibroblast growth factor (1 mg) was dis-

solved in sterile saline and stock solution volume was 

made up to 189 mL. The stock solution was then diluted 

to 10 IU/1 μL, so each 20 μL aliquot contained 0.106 μg 

of basic fibroblast growth factor.  

 

Methods 

Establishment of spinal cord injury model 

A spinal cord injury model was established in the basic 

fibroblast growth factor and saline groups. Briefly, rats 

were intraperitoneally anesthetized with 5% chloral hy-

drate (0.4 mL/100 g), and fixed in the prone position. T8-10 

segments of the spinal cord were exposed for surgery. A 

sterilized metal pad was placed on the T9 dorsal side, 

serving as the hit plate. According to the modified Allen’s 

method
[62]

, a 10-g weight fell onto the hit plate from a 

4-cm height to produce incomplete spinal cord injury in 

rats. At the damage zone, a PE10 thin catheter was al-

ways implanted via the subarachnoid cavity to 1 cm from 

the distal end of the injured spinal cord. The incision was 

sutured with 1-0 silk thread and the catheter was firmly 

fixed. The model was considered successful upon animal 

appearance, for example on observation of a spastic 

swing of the rat tail and dragging of the lower limbs. In 

the sham operation group, rats were anesthetized and 

the vertebral plate was opened and the spinal cord was 

exposed, but animals did not experience trauma or ca-

theter placement. 

 

Administration of basic fibroblast growth factor 

Rats in the basic fibroblast growth factor group, were 

injected with 20 μL basic fibroblast growth factor (con-

taining 0.106 μg recombinant bovine basic fibroblast 

growth factor) via a microsyringe (Pengshen Medical 

Devices Co., Ltd., Shanghai, China) at 0.5, 1, 2, 3, 4, 6, 

12, 24, 48 hours after injury and then once per week. 

The saline group was injected with an equal volume of 

saline and the sham operation group received no 

treatment. After surgery, rats in the basic fibroblast 

growth factor group and saline group underwent blad-

der massage to assist urination until the voiding func-

tion recovered. 

 

BBB scale assessment 

Movement function of the hind limbs was evaluated by 

two testers using the BBB scale
[63]

 in a double-blind in-

dependent manner. Higher scores indicated better func-

tion. Complete paralysis = 0 point, completely functional: 

21 points. 

 

Specimen collection and sectioning  

After BBB scale assessment, rats were killed under 

intraperitoneal anesthesia and fixed in a supine position 

with 4% paraformaldehyde and PBS via cardiac perfu-

sion. T8-11 segments of the spinal cord and anterior tibialis 

muscle in the right hind limb were collected and sliced 

into continuous sections at 4–6 μm thickness using a 

paraffin slicing machine (Shandon Finesse ME+, Edin-

burgh, UK). Spinal cord cross-sections 5 mm below the 

injury level were observed to detect the degeneration at 

the distal end of the injured spinal cord, and anterior tibial 

muscle longitudinal slices (4–6 μm thick) were also ob-

served. Spinal cord and anterior tibial muscle tissue was 

stained with hematoxylin-eosin and underwent immuno-

histochemical staining for calcitonin gene related peptide 

and acetylcholinesterase. 

 

Hematoxylin-eosin staining 

Specimens were dewaxed, hydrated, and stained with 

hematoxylin solution for 20 minutes. Sections were then 

separated with 0.5% hydrochloric acid solution for      

3 seconds, immersed in water for 20 minutes and then in 

0.5% eosin for 2 minutes. After sections were rinsed with 

distilled water, specimens were dried, dehydrated in 

gradient alcohol, and sealed. Images were collected 
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using a XSP8CE light microscope (Shanghai Changfang 

Optical Instrument Co., Ltd., Shanghai, China). 

 

Immunohistochemical staining for calcitonin gene 

related peptide 

Glass slides were treated with poly-L-lysine, dewaxed in 

paraffin and hydrated. After endogenous enzymes were 

cleared with 30% hydrogen peroxide and pure methanol 

at 1:9 (v/v), sections were immersed in 80°C antigen 

repair solution for 10 minutes. Tissues were then cooled 

and rinsed with PBS (0.10 mol/L for 10 minutes), and 

subsequently incubated and blocked with goat serum for 

10 minutes at room temperature. Tissues were then ex-

posed to rabbit anti-rat calcitonin gene related peptide 

solution (1:2 000; Boosen Biological Technology Co., Ltd., 

Beijing, China) for 18 hours, rinsed with PBS for 10 mi-

nutes. Sections were then incubated with biotin labeled 

goat anti-rabbit IgG (1:300; Beijing CoWin Bioscience 

Co., Ltd., Beijing, China) at 37°C for 10 minutes, rinsed 

with PBS and incubated with horseradish peroxidase 

conjugated streptavidin (1:300; Boosen Biological Tech-

nology Co., Ltd.) for 10 minutes at room temperature, 

and rinsed with PBS. Signal was developed using 

3,3'-diaminobenzidine, and sections were lightly coun-

terstained with hematoxylin, dehydrated, and mounted 

onto slides. Staining images were also obtained under an 

XSP8CE optical microscope and observed using an Im-

age-Pro Plus 6 image analysis system (Media Cyber-

netics Inc, Bethesda Maryland, USA) to measure the 

absorbance of calcitonin gene related peptide positive 

cells. Absorbance = integrated absorbance/ positive ex-

pression area. Three images in each section were ap-

plied to calculate the average value of primitive absor-

bance. 

 

Immunohistochemical staining for 

acetylcholinesterase  

The absorbance of acetylcholinesterase positive cells 

was determined using the same methods as for calcito-

nin gene related peptide immunohistochemical staining. 

Specimens were incubated with rabbit anti-rat acetylcho-

linesterase solution (1:2 000; Boosen Biological Tech-

nology Co., Ltd.).  

 

All other antibodies and methodology were the same as 

calcitonin gene related peptide immunohistochemical 

staining. 

 

Statistical analysis 

Data were expressed as mean ± SD using SPSS 11.6 

software (SPSS, Chicago, IL, USA). One-way analysis of 

variance (F test) and least significant difference t-test 

were performed. P < 0.05 was considered significant.  
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