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Abstract. – OBJECTIVE: The aim of this study 
was to explore the effect of neurotrophin-3 (NT-
3) on the repair of spinal cord injury (SCI) 
through the mitogen-activated protein kinase 
(MAPK) signaling pathway.  

MATERIALS AND METHODS: The rat model 
of SCI was first successfully established using 
the impactor (SCI group). Meanwhile, control 
group and NT-3 treatment group were set up as 
well. Basso-Beattie-Bresnahan (BBB) score was 
given and blood, and spinal cord tissues were 
collected from rats. Subsequently, serum index-
es were detected, including glucose (Glu), cre-
atinine (Cr), K+, Na+, the content of interleukin-6 
(IL-6), IL-1β, tumor necrosis factor-β (TNF-β), and 
the level of myeloperoxidase (MPO). Moreover, 
the morphological changes were observed via 
hematoxylin-eosin (HE) staining. The gene and 
protein expressions of glial fibrillary acidic pro-
tein (GFAP) and MAPK were determined through 
Reverse Transcription-Polymerase Chain Reac-
tion (RT-PCR) and Western blotting, respective-
ly. Furthermore, the effect of the MAPK signaling 
pathway on SCI was comprehensively observed. 

RESULTS: In SCI group, the rats could not 
crawl autonomously with the loss of motor func-
tion and paraplegia. Meanwhile, the levels of Glu, 
Cr, Na+, IL-6, IL-1β, TNF-β, and MPO were all sig-
nificantly up-regulated. According to the results 
of HE staining, spinal nerve fibers disappeared 
with significant syringomyelia in SCI group. 
Meanwhile, the aggregation of nerve fibers was 
observed without apparent tissue bleeding, ede-
ma, and cell deformation in NT-3 group. QRT-PCR 
results demonstrated that SCI group showed 
remarkably higher levels of GFAP, MAPK, and 
c-Jun N-terminal kinase (JNK) (p<0.05), while 
it showed a markedly lower level of ERK2 than 
NT-3 group (p<0.05). In NT-3 group, the protein 
expression of MAPK in myocardial tissues was 
remarkably lower than that of SCI group (p<0.05). 

CONCLUSIONS: NT-3 can inhibit the MAPK 
signaling pathway, thereby promoting the re-
pair of SCI.
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Introduction

Spinal cord injury (SCI) is a kind of trauma seri-
ously threatening human health1. Its high disability 
and mortality rates often exert great physiological 
and psychological influences on individuals, fam-
ilies, and society2. Although several clinical and 
animal studies have been conducted, there are no 
effective therapeutic methods for SCI currently. 
SCI will lead to secondary molecular and cellular 
damage. The pathological mechanism of SCI re-
mains unclear. In recent years, it has been generally 
believed that mechanical factors can directly cause 
mechanical damage to nerve tissues, leading to cell 
necrosis or death3,4. The secondary injury occurs 
from several minutes to several weeks after the ini-
tial injury. This may result in a series of extracellu-
lar and intercellular events, including inflammatory 
cell infiltration, reactive gliosis, neuronal apoptosis, 
and death, as well as oxidative stress5. Due to the 
reason that primary neuronal injury is irrevers-
ible, the treatment of secondary injury has always 
been the focus of attention. Oxidative stress leads 
to excessive production of reactive oxygen species 
(ROS), thus destroying the balance of redox state 
and promoting the occurrence and development of 
SCI. The inflammatory response is an important 
process of secondary injury6-8. At the injury site, a 
large number of pro-inflammatory factors, including 
tumor necrosis factor-α (TNF-α), interleukin-1 (IL-1), 
and IL-6, are observed. These factors are produced 
by inflammatory cells, neurons, and gliocytes9-11. In-
flammation may contribute to a series of molecular 
biological events, and lead to the activation of inflam-
matory cells in spinal cord tissues and inflammatory 
circulatory system. Meanwhile, it also releases var-
ious pro-inflammatory mediators, neurotoxins and 
produces oxygen free radicals and nitro compounds, 
thereby causing cellular damage12. Early medication 
can prevent secondary injury, improve conditions of 
spinal cord tissues, preserve the anatomical structure, 
and restore function13.
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Mitogen-activated protein kinase (MAPK) 
plays diverse roles in the nervous system, in-
cluding promoting cell proliferation. Currently, 
there are 3 classes of MAPK, namely extracellu-
lar signal-regulated kinase (ERK), p38 MAPK, 
and c-Jun N-terminal kinase (JNK). They can be 
further divided into different subclasses, includ-
ing ERK1/2 subtypes and different JNK proteins 
(JNK1/2/3)14. The involvement of these pathways 
in central nervous system injury and diseases has 
not been incompletely elucidated. MAPK is acti-
vated by extracellular receptor tyrosine kinase or 
other receptors. These stimuli may trigger molec-
ular cascade, thus activating one or more MAPKs. 
Once ERK1/2 is activated, the downstream phos-
phorylation and different signal receptors are real-
ized. Eventually, this can regulate various cellular 
activities, such as cell death, survival, prolifera-
tion, and even axonal degeneration15. Therefore, 
it is extremely important to precisely control the 
stimulation time, location, and duration of the 
MAPK pathway for appropriate physiological 
function16. In addition, MAPK can also promote 
neuronal degeneration after acute SCI17,18.

The aim of the present study was to explore 
the role of neurotrophin-3 (NT-3) in SCI and its 
influence on the MAPK signaling pathway. Cur-
rently, whether the MAPK signaling pathway is 
involved in the pathogenesis of SCI has rarely 
been studied. In the present work, the potential 
role of MAPK in SCI was first investigated. Its 
influence on SCI was clarified through in vivo 
experiments and molecular biological techniques. 
Moreover, the effects of NT-3 on various func-
tional indexes and pathway-related proteins and 
SCI rats through the MAPK pathway were detect-
ed. Our findings might help to provide important 
experimental support and theoretical reference 
for the treatment of SCI with NT-3.

Materials and Methods

Establishment of Animal Model
All rats were anesthetized via intraperitone-

al injection of pentobarbital sodium (30 mg/kg). 
Also, T8 dorsal laminectomy was performed. The 
spinal cord was aseptically exposed after the op-
eration. In SCI group, the self-made 10-g rod was 
dropped at 50 mm above the exposed spinal cord 
and held at the injury site for 3 min. After suturing 
the wound, the rats were intraperitoneally injected 
with 5 mL of normal saline and placed in warm 
cages for resuscitation. Penicillin (200,000 U) was 

intramuscularly injected every day to prevent post-
operative infection. The bladder was pressed twice 
a day until spontaneous urination was restored. 
After that, NT-3 treatment group (n=20) was set 
up. After modeling, blood samples were drawn 
and centrifuged. Next, serum samples were col-
lected and stored at –80°C, followed by detection 
of serum biochemical indexes. Then, the rats were 
anesthetized via the injection of pentobarbital sodi-
um. Two portions of spinal cord tissues were taken. 
One was fixed with fixative for hematoxylin-eosin 
(HE) staining (Boster, Wuhan, China). However, 
the other one was stored at –80°C for detection of 
the expression levels of genes and proteins, as well 
as enzyme activity. This research was approved by 
the Animal Ethics Committee of Xinghua People’s 
Hospital Animal Center.

Assessment Via Basso-Beattie-
Bresnahan (BBB) Score

Before the rats in each group were sacrificed, 
the BBB score of spinal cord function was given. 
Subsequently, the recovery of motor function was 
evaluated. BBB score ranged from 0 point (com-
plete paralysis) to 21 points (normal function). 
During the experiment, rats with other clinical 
symptoms were abandoned, and the remaining 
were randomly supplemented.

Detection of Biochemical 
Indexes in SCI

Previous reports have shown that there are 
changes in the level of blood glucose and ion con-
centration during SCI. To predict the occurrence of 
SCI in clinical practice, glucose (Glu), creatinine 
(Cr), K+, and Na+ were detected. Serum samples 
stored in the low-temperature refrigerator were 
carefully taken out, thawed, and sub-packaged 
into centrifuge tubes, followed by centrifugation. 
Finally, changes in the content of indexes were de-
tected using a full-automatic biochemical analyzer.

Detection of Content of Inflammatory 
Factors Via Enzyme-Linked 
Immunosorbent Assay (ELISA)

Serum inflammatory factors are important in-
dexes in SCI, which can indicate the speed of in-
jury repair. In this study, serum samples frozen 
at –80°C were took out and slowly thawed at 4°C. 
After centrifugation again at a low speed, the su-
pernatant was collected. Enzyme-linked immuno-
sorbent assay (ELISA) kits (R&D Systems, Min-
neapolis, MN, USA) and all reagents were buffered 
at room temperature for 30 min. Next, the standard 
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liquid was prepared, incubated, and added with the 
biotin-labeled antibody. After washing, they were 
used to detect the changes in each index according 
to relevant instructions. Finally, the absorbance of 
inflammatory factors in each group was detected 
using a microplate reader.

Determination of Myeloperoxidase 
(MPO) Activity in Spinal Cord Tissues

The MPO activity was determined to observe 
the severity of inflammatory injury in spinal 
cord tissues. Spinal cord tissues stored at –80°C 
were carefully taken out on the ice. After adding 
with lysis buffer, the tissues were homogenized 
under low temperature, followed by centrifuga-
tion. Then, the supernatant was collected. Finally, 
MPO activity (μ/g) in spinal cord tissues was de-
termined through spectrophotometry.

HE Staining
After treatment for 14 d, the rats were anes-

thetized and percutaneously perfused with 0.1 M 
phosphate-buffered saline (PBS) for 10 min to re-
move blood in tissues. Subsequently, the rats were 
perfused with 4% paraformaldehyde (PFA) for 
pretreatment. Spinal cord tissues were then taken 
and fixed with 4% PFA overnight. After dehydra-
tion with an ethanol solution, the tissues were em-
bedded in paraffin. Then, the block was sliced into 
4-5 μm-thick sections, decarboxylated with xy-
lene, and hydrated with a series of ethanol solution. 
Once dried, the sections were stained with hema-
toxylin for 20 min and separated with hydrochloric 
acid and ethanol solution for 30 s. After staining 
with eosin for 12 min, the sections were separated 
again with 90% ethanol for 45 s and sealed. All 
stained sections were placed in an aqueous solu-
tion. Three fields of view were randomly selected 
and observed under an optical microscope.

Detection of Expressions of Related 
Genes Via Reverse Transcription-
Polymerase Chain Reaction (RT-PCR)

(1) About 300 mg of sterile spinal cord tissues 
were carefully taken under low temperatures. Af-
ter adding with lysis buffer, the tissues were ho-
mogenized under low temperature to extract total 
ribonucleic acid (RNA). RNA purity and con-
centration were detected and qualified. (2) Sub-
sequently, extracted messenger RNA (mRNA) 
was reversely transcribed into complementary 
deoxyribonucleic acid (cDNA) and stored in a re-
frigerator at –80°C for use. (3) The primer am-
plification was performed using a 20 μL system, 
including 2 μL of cDNA, 10 μL of the qPCR mix, 
2 μL of primer, and 6 μL of ddH2O, for a total of 
40 cycles. The sequences of target genes and the 
internal reference glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) were designed accord-
ing to sequences in the GenBank (Table I). The 
expression levels of target genes were detected 
via RT-PCR. Relative expression levels of related 
genes in spinal cord tissues were calculated by the 
2-ΔΔCt method.

Western Blotting
After treatment, spinal cord tissues were tak-

en and rapidly frozen at –80°C. After weighing, 
frozen samples were smashed on ice. Subsequent-
ly, a protease inhibitor and modified radioimmu-
noprecipitation assay (RIPA) buffer (Beyotime, 
Shanghai, China) were added. After incubation 
in a refrigerator, the tissues were fully lysed to 
release proteins, followed by centrifugation. The 
supernatant was collected, and the concentration 
of protein was calculated. An equal amount of 
protein (40 μg) was separated via sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred onto polyvinylidene 
difluoride (PVDF) membranes (Millipore, Biller-

Table I. Primer sequences of indexes in RT-PCR.

Target gene Primer sequence (5'-3')

GAPDH F: TGACTTCAACAGCGACACCCA
 R: CACCCTGTTGCTGTAGCCAAA
ERK2 F: CTTGGCATCCGCACTCTG
 R: CTGAAGCCTGGCAACCTG
GFAP F: AGAATTCGACGAGGACGACAAGGAGAGGA
 R: ACTCGAGTCACATCACATCCTTGTGCTC
MAPK F: CCAGATGCCGAAGATGAACT
 R: GGGCTGCTGTGATCCTCTTAT
JNK F: TTCCATTGTGGGTAGGTGG
 R: CTTACAGCTTCCGCTTCAG
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ica, MA, USA). After sealing with 5% skim milk 
at room temperature for 1.5 h, the membranes 
were incubated with primary antibodies dilut-
ed in blocking buffer overnight. After washing 
with Tris-Buffered Saline and Tween (TBST), the 
membranes were incubated with horseradish per-
oxidase (HRP)-conjugated secondary antibodies. 
Immunoreactive bands were developed using the 
enhanced chemiluminescence (ECL) system. 
Finally, the level of proteins to be detected was 
corrected using glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) for 3 times.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 software (IBM Corp., Armonk, NY, 
USA) was used for all statistical analysis. Bar 
graph was plotted using GraphPad Prism 7.0 (La 
Jolla, CA, USA). Multiple comparisons were per-
formed. Experimental data were expressed as 
mean ± standard deviation (χ±SD). Each experi-
ment was repeated for at least 3 times. p<0.05 was 
considered statistically significant.

Results

Serum Indexes in SCI
In this experiment, Glu, Cr, K+, and Na+ were 

detected to provide references for predicting the 
occurrence of SCI. As shown in Table II, the con-
tent of Glu, Cr, and Na+ was significantly up-reg-
ulated, while the content of K+ was markedly 
down-regulated in SCI group. However, NT-3 
group showed the opposite trends (p<0.05), indi-
cating the benign development of the disease.

Spinal Cord Function Score
in Rats of Each Group

In SCI group, the rats could not walk autono-
mously with the loss of motor function and com-
plete paraplegia (p<0.01). However, no abnormal-
ities were observed in control group. Meanwhile, 

the BBB score was basically 21 points, which was 
close to that in NT-3 group (Figure 1).

Content of Serum TNF-β, 
IL-1, and IL-6

As shown in Table III, the content of IL-1, 
IL-6, and TNF-β increased significantly in SCI 
group (p<0.05), while decreased significantly in 
NT-3 group (p<0.05).

MPO Activity in Spinal 
Cord Tissues

Compared with control group, MPO activi-
ty increased markedly in the other two groups 
(p<0.05). MPO activity in NT-3 group was close 
to that in control group (p>0.05). However, it was 
significantly higher in SCI group than that of con-
trol group (p<0.05) (Figure 2).

Changes in Spinal Cord Tissues  
Observed Using HE Staining 

According to the results of HE staining (Fig-
ure 3), spinal cord tissues exerted an intact ba-
sic structure and clear borders. Meanwhile, the 

Table II. Changes in content of GLU, CR, K+, and Na+.

Note: The content of Glu, Cr and Na+ is significantly increased and the content of K+ is markedly decreased in SCI group 
(p<0.05). ap<0.05 vs. control group, Bp<0.05 vs. SCI group.

Group  K+ (mmol/L) Na+ (mmol/L) GLU (U/L) CR (μmol/L)

Control group  35.24±5.27 104.41±2.37 4.56±2.21 23.78±4.57
SCI group 10.98±1.21a 211.68±6.53a 18.12±1.53a 91.35±1.36a

NT-3 group 24.65±2.64b 115.48±5.42b 8.65±3.81b 35.47±4.42b

Figure 1. BBB score. In SCI group, rats could not walk 
autonomously with the loss of motor function and com-
plete paraplegia (p<0.01). No abnormalities were observed 
in control group. Meanwhile, the BBB score was basically 
21 points, close to that in NT-3 group. **p<0.01 vs. control 
group, #p<0.05 vs. SCI group.
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aggregation of nerve fibers was observed with-
out significant tissue bleeding, edema, and cell 
deformation in NT-3 group (Figure 3A). In SCI 
group, the neuronal structure was abnormal and 
destroyed, and spinal nerve fibers disappeared 
with evident syringomyelia (Figure 3B).

RT-PCR Results of Related Genes 
in Spinal Cord Tissues

RT-PCR results demonstrated that SCI group 
had remarkably higher mRNA levels of glial 
fibrillary acidic protein (GFAP), MAPK and JNK 
(p<0.05) and notably lower ERK2 level compared 
to NT-3 group (p<0.05) (Figure 4). 

Expression of Inflammatory Pathway 
Proteins in Spinal Cord Tissues

As shown in Figure 5, the protein expression 
of MAPK increased evidently in SCI group when 
compared with control group (p<0.05). It was 
prominently reduced in NT-3 group, whereas was 
significantly higher than control group (p>0.05).

Discussion 

The rat model of SCI was successfully es-
tablished. The therapeutic effect of NT-3 and its 
specific mechanism of action was explored. First, 
levels of Glu, Cr, K+, and Na+ were detected. It 
was found that the content of Glu, Cr, and Na+ was 
significantly up-regulated, while the content of K+ 
was significantly down-regulated in SCI group. 
Opposite results were observed in NT-3 group, 
indicating the benign development of the disease. 
In SCI, chronic neurological dysfunction occurs, 
including spinal paralysis and cognitive defect. In 
this work, spinal cord function score was given 
for rats. The results showed that the rats could not 
walk autonomously with paraplegia in SCI group. 
However, no abnormalities were observed in con-
trol group. Meanwhile, the BBB score was 21 
points in general, which was close to that in NT-3 
group. Previous researches19 have demonstrated 
that curcumin reduces MPO activity, indicating 
that curcumin inhibits inflammatory response 
caused by SCI. In this study, MPO activity in-

Table III. Content of serum TNF-β, IL-1 and IL-6.

Note: The content of IL-1, IL-6 and TNF-β is increased in SCI group (p<0.05), while it declines in NT-3 group (p<0.05).

Group TNF-β (fmol/mL) IL-6 (mg/L) IL-1 (mg/L)

Control group 11.31±3.21 22.35±6.42 28.32±5.18
SCI group 42.18±2.48a 88.36±5.2a 93.62±4.32a

NT-3 group 18.36±3.44b 30.14±5.41b 38.34±5.72b

Figure 2. MPO activity. Compared with control group, 
MPO activity increased significantly in the other two 
groups (p<0.05), while its activity in NT-3 group was close 
to that in control group (p>0.05). *p<0.05, #p<0.05.

Figure 3. Morphological observation of spinal 
cord tissues. A, Spinal cord tissues had intact ba-
sic structure and clear borders. Meanwhile, the 
aggregation of nerve fibers was observed (magni-
fication ×10). B, In SCI group, neuronal structure 
was abnormal and destroyed, and spinal nerve fi-
bers disappeared (magnification ×10). A B
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creased remarkably in the other two groups when 
compared with control group (p<0.05). Howev-
er, its activity in NT-3 group was close to that in 
control group (p>0.05). According to the results 
of HE staining, spinal cord tissues exerted intact 
basic structure and clear borders in NT-3 group. 
Moreover, the aggregation of nerve fibers was ob-
served without significant tissue bleeding, edema, 
and cell deformation. In SCI group, the neuronal 
structure was abnormal and destroyed, and spinal 
nerve fibers disappeared with significant syringo-
myelia, consistent with the results of Sinnecker 
et al20. The above findings suggested that NT-3 
could resist the development of SCI.

Acute SCI is a kind of trauma that may lead 
to disability. One of the important goals of ear-
ly treatment is to prevent secondary injury. The 
pathological development processes of secondary 
SCI include capillary changes, edema, changes in 
energy metabolism, various biochemical chang-
es, and apoptosis21. Inhibition of inflammatory re-

sponse and lipid peroxidation is also considered as 
one of the crucial targets for the early treatment of 
SCI. Early inflammatory response after SCI plays 
an important role in protecting spinal nerves and 
promoting functional recovery22. Therefore, the 
strategies to alleviate inflammatory response af-
ter SCI and promote structural reconstruction and 
functional recovery at the injury site are the em-
phasis in the research fields of neuroscience, or-
thopedics, and sports medicine23,24. In this study, 
the content of IL-1, IL-6, and TNF-β increased 
significantly in SCI group, further aggravating 
the inflammatory response. TNF-α occupies an 
indispensable position in the development of in-
flammation in sepsis rats. IL-6 can also stimulate 
the excessive production of other inflammatory 
mediators. After NT-3 treatment, the levels of in-
flammatory factors declined, consistent with the 
previous studies. When activated by exogenous or 
endogenous ligands, gliocytes will produce some 
pro-inflammatory cytokines that are toxic to the 

Figure 4. RT-PCR results 
of related genes. SCI group 
showed remarkably high-
er mRNA levels of GFAP, 
MAPK, and JNK (p<0.05) 
and notably lower mRNA 
level of ERK2 than NT-3 
group (p<0.05). *p<0.05, 
#p<0.05.

Figure 5. Western blot-
ting results of pathway 
proteins. The protein ex-
pression of MAPK was ev-
idently up-regulated in SCI 
group when compared with 
control group (p<0.05), 
while it was down-regulat-
ed in NT-3 group (p<0.05). 
*p<0.05, #p<0.05.
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central nervous system25. The increased specific-
ity of GFAP, as a specific marker for astrocytes, 
can make microglia and astrocytes rapidly acti-
vated26. In this study, the mRNA expression of 
GFAP was significantly up-regulated in SCI group 
(p<0.05), while was markedly down-regulated in 
NT-3 group (p<0.05). These chronic neurological 
dysfunctions may cause devastating effects. How-
ever, there is still a lack of effective intervention 
measures in the treatment of SCI-related neuro-
logical diseases. Therefore, it is urgently needed 
to search for new treatment methods to provide a 
basis for the prevention and treatment of SCI and 
its complications.

MAPK is a kind of evolutionarily conserved 
serine/threonine-specific protein kinase. It reg-
ulates cellular processes, such as proliferation, 
differentiation, cell cycle, apoptosis, survival, in-
flammation, and death27. In mammals, MAPK in-
cludes JNK, p38, and ERK. MAPK can be activat-
ed in various stress responses, including oxidative 
stress and inflammatory response28. Generally, 
ERK is mainly activated by growth factors. How-
ever, ROS can also activate the ERK pathway in 
different cells29. Both JNK and p38 are stress-ac-
tivated protein kinases. Meanwhile, their activa-
tion will induce multiple cellular responses, such 
as inflammatory response and apoptosis. This 
may, directly or indirectly, activate the MAPK 
signaling pathway. After the activation, MAPK 
can induce apoptosis and destroy the inflammato-
ry state. In recent years, studies have shown that 
activated ERK1/ERK2 and inhibited p38/JNK 
maintain the cytoskeletal structure and protect 
against myocardial injury by reducing oxidative 
stress and inflammation30. Therefore, the relative 
activity of these pro-apoptotic and pro-survival 
kinase pathways can determine cell survival or 
death. ERK1/2 has been considered involved in 
a variety of regulation during the life process, 
including the regulation of myocardial infarction 
and ventricular remodeling. This is an important 
signal transduction pathway in the myocardium, 
which also plays a powerful role in the occurrence 
and development of myocardial infarction31,32. In 
this investigation, the mRNA expression levels 
of MAPK and JNK were remarkably down-reg-
ulated, while ERK was notably up-regulated in 
NT-3 group. Western blotting indicated that the 
protein level of MAPK decreased remarkably in 
NT-3 group. These findings indicated that MAPK 
and JNK expressions were suppressed after NT-3 
treatment to inhibit the incidence of SCI. Our 
results were consistent with other researches in 

myocardium33. Therefore, NT-3 could improve 
SCI by inhibiting the MAPK pathway.

Conclusions

In summary, NT-3 exerts a protective effect 
on SCI through mediating MAPK, which can al-
leviate inflammatory cell infiltration and affect 
neurological function. Furthermore, our findings 
provide a theoretical basis for the prevention and 
treatment of SCI, and new ideas for future studies.
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