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Abstract. The aim of the present study was to investigate the 
pro‑inflammation effects of brain‑derived neurotrophic factor 
(BDNF) signaling in promoting inflammation following spinal 
cord injury (SCI) in rats. Reverse transcription‑quantitative 
polymerase chain reaction was used to detect the expression of 
BDNF in SCI rats. The Basso, Beattie and Bresnahan (BBB) 
test was used and the water content of spinal cord were assessed 
to determine the effects of BDNF on SCI. BDNF expression 
was increased in SCI rats. In an in vitro model, overexpression 
of BDNF induced the protein expression of tyrosine kinase 
receptor B (TrkB) and suppressed that of phosphorylated (p‑)
p38, and reduced inflammation, as indicated by tumor necrosis 
factor (TNF)‑α, interleukin (IL)‑1β, IL‑6, IL‑18, inducible 
nitric oxide synthase (iNOS) and cyclooxygenase (COX)‑2 
levels. Conversely, the TrkB inhibitor ANA‑12 suppressed 
the protein expression of TrkB and induced that of p‑p38, 
and promoted inflammation (as indicated by TNF‑α, IL‑1β, 
IL‑6, IL‑18, iNOS and COX‑2 levels) in an in vitro model of 
SCI by BDNF overexpression. In addition, the p38 inhibitor 
TA‑0, suppressed p38 protein expression and reduced inflam-
mation in an in vitro model of SCI by BDNF overexpression. 
Together, these data suggest that the pro‑inflammation effects 
of BDNF/TrkB promoted inflammation in SCI through p38 
signaling in rats.

Introduction

Spinal cord injury (SCI) has become a common disease with the 
development of modern transportation and the mining industry 
and affects ~2.5 million individuals worldwide (1‑3). Primary 
SCI combined with secondary SCI seriously threatens the 
health and quality of life of patients (3). Primary SCI consists 
of irreversible tissue damages immediately following external 

forces (3). Secondary SCI refers to the cracking, progressive 
and self‑destructive process associated with various factors, 
including reactive oxygen species and inflammation, based on 
primary injury (4). The SCI is of fundamental importance to 
elucidate the immunological mechanisms of secondary SCI to 
prevent and reverse secondary SCI (5).

A previous study on the mechanisms of post‑SCI patho-
logical injury have largely focused on primary and secondary 
injuries. Primary trauma of the spinal cord leads to irreversible 
primary injury (6). In contrast, cascade reactions of primary 
injury lead to reversible secondary injury, with injury levels 
that are even more serious than those of primary injury (7). 
It has previously been demonstrated that extensive nerve cell 
apoptosis and necrosis occur following secondary injury (8). 
The apoptotic nerve cells include astrocytes, microglia cells 
and oligodendrocytes. Furthermore, nerve cell apoptosis 
deconstructs the microenvironment of axon regeneration (9). A 
previous study has suggested that the inflammatory response 
triggered by secondary injury following central nerve injury is 
a key cause of further injury (9). Brain‑derived neurotrophic 
factor (BDNF) is produced through proteolysis of precursor 
molecules (10). It is a neurotrophic factor belonging to the 
nerve growth factor family (10). BDNF and its receptor are 
extensively expressed in the nervous system (11). They are the 
most prevalent neurokines in vivo (12). Changes in endogenous 
BDNF following central lesion have been intensively studied 
since the discovery of BDNF (12). BDNF is a neurotrophic 
factor that greatly affects neuron growth and development. In 
addition, it can improve the physiological status of neurons 
under pathological status (12). BDNF has important biological 
roles in inflammation and apoptosis (13); therefore, it is an 
indispensable neurotrophic factor for maintaining normal 
nervous system function (14). Furthermore, BDNF is a member 
of the neurotrophic factor family that is mainly secreted by 
neuron or glial cells. It can bind with its specific receptor, 
tyrosine kinase receptor B (TrkB) on adjacent membranes in 
the paracrine or autocrine manner to exert its function (11). 
Furthermore, it serves a vital role in neuron survival and 
proliferation as well as synaptic plasticity (14). Furthermore, it 
can promote axonal regeneration and repair following central 
lesion, and accelerate limb functional recovery (14).

Receptor tropomyosin‑receptor‑kinase B (TrkB) plays a 
key role in the antidepressant functions of antidepressants (15). 
Blocking of BDNF‑TrkB  signaling inhibits the effects of 
neurological function recovery after treadmill training 
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in spinal cord injury rat (15). BDNF‑TrkB is suppressed by 
interleukin‑1β via  p38  mitogen‑activated protein kinase 
(MAPK) (16). The aim of the present study was to investigate 
the pro‑inflammation effects of BDNF signaling in promoting 
inflammation following spinal cord injury (SCI) in rats.

Materials and methods

Animals and surgical procedures. All animal studies were 
approved by the Committee of Ethics on Animal Experiments 
of The First People's Hospital of China Three Gorges University 
(Yichang, China). A total of 20 Adult male Sprague Dawley 
(SD) rats (weight, 250‑300 g; age, 8‑10 weeks) were purchased 
from the Animal Experiment Centre of Whuan University 
(Wuhan, China) and randomly assigned into the following 
two experimental groups: Sham‑surgery group (n=10) and 
SCI model group (n=10). All SD rats were bred in China 
Three Gorges University at a constant temperature (23±3˚C), 
50±5% humidity and a 12‑h light/dark cycle, with free access 
to food and water. The sham‑surgery group received sham 
surgery of laminectomies only. Rats were anesthetized using 
35 mg/kg pentobarbital sodium (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany). The T12 spinal laminectomy of the SCI 
model group exposed the spinal cord and an impactor with a 
diameter of 2.5 mm was used to perform a moderate‑intensity 
weight‑drop following anesthesia.

Histological preparation. All rats (n=10) were sacrificed via 
decollation under 35 mg/kg pentobarbital sodium anesthesia and 
spinal cord tissue samples were collected and washed with PBS. 
Tissue was fixed for 24‑48 h at room temperature using 4% para-
formaldehyde and dehydrated using gradient ethanol. Fixed tissue 
was cut into 8 µm‑thick sagittal sections, which were stained 
using hematoxylin and eosin staining at room temperature for 
10 min and examined under a confocal Eclipse 5Oi microscope 
(magnification, x100; Nikon Corporation, Tokyo, Japan).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). A Trizol reagent was used to extract RNA from 
AGE1.HN cells following SCI induction and spinal cord tissue 
samples (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). RNA was reverse transcribed into cDNA using 
the First Strand cDNA Synthesis kit (GeneCopoeia, Inc., 
Rockville, MD, USA). qPCR was performed using the ABI 
7300HT real‑time PCR system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) and the SYBR green supermix (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) The thermocycling condi-
tions were as follows: 95˚C for 10 min, followed by 40 cycles at 
95˚C for 30 sec, 58˚C for 45 sec and 72˚C for 30 sec. Relative 
gene expression was assessed using the 2‑∆∆Cq method (17).

Evaluation of Basso, Beattie and Bresnahan (BBB) test. All 
rats (n=3/per group) were subjected to the BBB test for the 
evaluation of locomotor recovery after thee induction of SCI, 
using a locomotor rating scale of 0 (no observable hind‑limb 
movements) to 21 (normal locomotion). This was performed in 
accordance with a previous study (18).

Evaluation of the water content of spinal cord. The wet weight 
of spinal cord tissue samples was recorded, then spinal cord 

tissue samples were dried at 70‑80˚C for 48 h and the dry 
weight was recorded. Spinal cord water content (%) was calcu-
lated as follows: (Wet weight‑dry weight)/wet weight x100.

ELISA assays. All rats (n=3) were sacrificed, and senso-
rimotor cortical tissues were removed and incubated with 
radioimmunprecipitation assay buffer (Beyotime Institute 
of Biotechnology, Haimen, China) on ice for 30 min. Then, 
miscible liquids were centrifuged at 13,200 x g at 4˚C for 
10 min. The protein concentration of soluble materials was 
determined using a bicinchoninic acid protein assay kit in accor-
dance with the manufacturer's protocol (Beyotime Institute of 
Biotechnology). A total of 10 µg protein was used to measure 
interleukin (IL)‑1β (cat. no. H002), IL‑6 (cat. no. H007), IL‑18 
(cat. no. H015), tumor necrosis factor (TNF)‑α (cat. no. H052), 
inducible nitric oxide synthase (iNOS; cat. no. A014‑1‑1) and 
cyclooxygenase (COX)‑2 (cat. no. H200) levels using ELISA 
kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, 
China).

In vitro model and transfection. The nerve cell line AGE1.HN 
was purchased from the Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China) and cultured in 
Dulbecco's modified Eagle's medium medium (Gibco; Thermo 
Fisher Scientific, Inc.) supplemented with 10% fetal bovine 
serum (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml peni-
cillin and 100 µg/ml streptomycin (HyClone; GE Healthcare 
Life Sciences, Logan, UT, USA), and maintained at 37˚C in 
a humidified atmosphere with 5% CO2. BDNF‑pcDNA3.1 
(forward, 5'‑AGA​AAA​GCC​AAF​FAG​TGA​A‑3' and reverse, 
5'‑AAA​AGG​GGA​AGA​TAG​TGG​ATT​TAT​GTT‑3') and nega-
tive‑pcDNA3.1 negative mimic plasmids (forward, 5'‑CCC​
CCC​CCC​CCC​CCC​CCC‑3' and reverse, 5'‑CCC​CCC​CCC​
CCC​CCC​CCC‑3') were constructed by Sangon Biotech Co., 
Ltd., (Shanghai, China). Cells were transfected with 100 ng 
BDNF plasmid or negative mimics using Lipofectamine 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol. Following 48  h transfec-
tion, cells were induced with 100 ng/ml lipopolysaccharide 
(LPS; Beyotime Institute of Biotechnology) for 4 h at 37˚C. 
Cells were treated with 10 µM ANA‑12 (MedChemExpress, 
Monmouth Junction, NJ, USA), a TrkB inhibitor, or 5 nM 
TA‑02 (MedChemExpress, Monmouth Junction, NJ, USA), a 
p‑38 inhibitor for 44 h at 37˚C, and cells were inducted with 
100 ng/ml LPS for 4 h at 37˚C, respectively and then were 
induced by 100 ng/ml LPS for 4 h at 37˚C. Negative group, cell 
was transfected with negative mimics.

Western blotting. Total protein was extracted from sensorim-
otor cortical tissues and protein concentration was determined 
as detailed above. Equal amounts of protein (50 µg) were 
separated by 12% SDS‑PAGE followed by transferring 
onto polyvinylidene difluoride membranes. Polyvinylidene 
difluoride membranes were blocked with 5% skimmed milk 
in 0.01% TBS‑Tween 20 for 1 h at 37˚C and then incubated 
with anti‑BDNF (sc‑20981; 1:200; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA), anti‑phosphorylated (p)‑TrkB (4619; 
1:500; Cell Signaling Technology, Inc., Danvers, MA, USA), 
anti‑p‑p38 (sc‑17852‑R; 1:4,000; Santa Cruz Biotechnology, 
Inc.), and anti‑GAPDH (sc‑51631; 1:5,000; Santa Cruz 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  17:  1688-1696,  20191690

Biotechnology, Inc.) overnight at 4˚C. Membranes were 
washed with TBST for 15 min and incubated with horseradish 
peroxidase conjugated goat anti‑rabbit immunoglobulin G 
(cat. no. sc‑2004; Santa Cruz Biotechnology, Inc.) for 1 h at 
37˚C. Membranes were analyzed using an electrochemilumi-
nescence (ECL) reagent and measured using Image Lab 3.0 
(Bio‑Rad Laboratories, Inc.).

Immunocytochemistry. Cells after the induction of SCI were 
washed with PBS and fixed with 4% paraformaldehyde in 
PBS (pH 7.4) for 15 min at room temperature. Cells were then 
blocked with 5% bovine serum albumin (Beyotime Institute 
of Biotechnolgy) in PBS containing 0.5% Triton X‑100 
for 1 h at room temperature, then incubated with anti‑TrkB 
antibody (cat. no. sc‑12; 1:100; Santa Cruz Biotechnology, 
Inc.), anti‑BDNF antibody (cat. no. sc‑546; 1:100; Santa Cruz 
Biotechnology, Inc.) at 4˚C overnight. Following washing for 
30 min using PBS‑Tween 20 (PBST), cells were incubated 
with goat anti‑rabbit IgG‑CFL 555 (cat. no.  sc‑362272; 
1:1,000; Santa Cruz Biotechnology, Inc.) for 1.5 h at room 
temperature. Cells were then stained using a DAPI assay for 
15 min at room temperature and washed with PBST for 30 min 
at room temperature. Cells were visualized under fluorescence 
microscopy (magnification, x20; Nikon Corporation).

Statistical analysis. Data are presented as the mean + standard 
error of the mean. Data were analyzed using Student's t‑test or 
one‑way analysis of variance followed by Tukey's test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Expression of BDNF in SCI rats. To explore the function of 
BDNF on inflammation in SCI rats, the expression of BDNF 
in SCI rats was analyzed. HE staining demonstrated that 
spinal cord cells seemed to be dead in SCI rats, compared 
with sham control group (Fig. 1A). BBB score was inhibited 
and water content of the spinal cord was increased in SCI rats, 
compared with the sham control group (Fig. 1B and C). The 
levels of IL‑1β, IL‑6, IL‑18 and TNF‑α in SCI rats were also 
increased in SCI rats compared with those in sham‑surgery 
rats (Fig. 1D‑G). Additionally, iNOS and COX‑2 levels were 
also increased in SCI rats, compared with sham control group 
(Fig. 1H and I). The expression of BDNF in SCI rats was 
further analyzed, which revealed that the expression of BDNF 
was reduced in SCI rats, compared with the sham control 
group (Fig. 1J and K). Therefore, these results demonstrated 
that BDNF may be associated with inflammation of SCI.

Overexpression of BDNF induces TrkB and p‑p‑38 protein 
expressions in vitro. Next, the exact roles of BDNF in inflam-
mation in vitro were evaluated. As presented in Fig. 2A‑D, 
BDNF expression plasmids significantly increased the protein 
expression of BDNF and TrkB, and suppressed that of p‑p38 
in an in  vitro model, compared with the negative group. 
Consistently, immunofluorescence indicated that the BDNF 
expression plasmid markedly induced BDNF protein expres-
sion in an in vitro model, in comparison with negative group 
(Fig. 2E).

Figure 1. Expression of BDNF in SCI rats. (A) Histological evaluation (original magnification, x100). (B) BBB scores, (C) water content of spinal cord. 
(D) TNF‑α, (E) IL‑1β, (F) IL‑6, (G) IL‑18, (H) iNOS and (I) COX2 levels. (J) BDNF protein expression, as determined using statistical analysis. (K) Western 
blot analysis of BDNF protein expression. Data are presented as the mean ± standard error of the mean for three independent experiments. **P<0.01 vs. sham. 
BBB, Basso, Beattie and Bresnahan; SCI, spinal cord injury; TNF, tumor necrosis factor; IL, interleukin; iNOS, inducible nitric oxide synthase; COX, cyclooxy-
genase; BDNF, brain‑derived neurotrophic factor.
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Overexpression of BDNF reduces inflammation in vitro. 
Overexpression of BDNF reduced the levels of IL‑1β, IL‑6, 
IL‑18 and TNF‑α in  vitro, compared with the negative 
group (Fig. 3A‑D). In addition, overexpression of BDNF 
decreased the levels of iNOS and COX‑2 levels in vitro, 
compared with the negative group (Fig. 3E and F). These 
data indicated that BDNF reduced inflammation in SCI via 
the TrkB/p38 mitogen‑activated protein kinase (MAPK) 
signaling pathway.

Inhibition of TrkB increases the anti‑inflammation effects 
of BDNF on TrkB and p‑p‑38 protein expressions in vitro. 
The role of TrkB in the anti‑inflammation effects of BDNF 
on inflammation in SCI was next investigated. As presented 
in Fig. 4, the TrkB inhibitor, ANA‑12 suppressed the protein 
expression of TrkB, increased that of p‑p‑38, promoted the 
levels of IL‑1β, IL‑6, IL‑18 and TNF‑α levels and increased 
those of iNOS and COX‑2 in vitro of SCI by BDNF overex-
pression, compared with the BDNF overexpression group. 

These findings suggest that overexpression of BDNF may be 
associated with inflammation of SCI via TrkB.

Inhibition of p38 increases the anti‑inflammation effects of 
BDNF on inflammation in vitro. Finally, the role of p38 was 
determined in anti‑inflammation effects of BDNF on inflam-
mation in SCI. As presented in Fig. 5, p‑38 inhibitor, TA‑02, 
suppressed p‑38 protein expression, reduced IL‑1β, IL‑6, IL‑18 
and TNF‑α levels and inhibited iNOS and COX‑2 levels in 
an in vitro model of SCI by BDNF overexpression, compared 
with the BDNF overexpression group. Therefore, these data 
indicated that BDNF attenuated inflammation in SCI by regu-
lating the TrkB/p‑38 pathway.

Discussion

SCI refers to serious damage of the central nervous system. In 
general, serious neurologic impairment may occur following 
SCI (19). However, motor dysfunction is a principal factor 

Figure 2. Overexpression of BDNF induces TrkB and p‑p‑38 protein expressions in vitro. (A) BDNF, (B) p‑TrkB and (C) p‑p‑38 protein expression, as deter-
mined using statistical analysis. (D) Western blot analysis of BDNF protein expression (E) BDNF protein expression as determined by immunocytochemistry 
(magnification, x100). Negative, negative mimics group; BDNF, Overexpression of BDNF group. Data are presented as the mean + standard error of the mean 
for three independent experiments. **P<0.01 compared withnegative group. BDNF, brain‑derived neurotrophic factor; TrkB, tyrosine kinase receptor B.
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leading to the loss of ability of daily activities (20). Therefore, 
motor dysfunction repair of SCI patients has been a focus of 
doctors and patients (21). However, motor function training 
is an important method for motor function rehabilita-
tion (21). Previous studies have demonstrated that persistent 
nursing intervention at early stages can partially promote the 
rehabilitation of motor functions (21,22). However, the under-
lying mechanisms have not yet been illustrated and more 
fundamental research is required. The results of the present 
study suggested that the expression of BDNF was reduced 
in SCI rats.

IL‑1β and IL‑6 are cytokines with broad biological effects. 
Various types of cell produce IL‑1β and IL‑6, such as mono-
cytes, B cells, T cells, fibroblasts and endothelial cells (23). 
IL‑1β and IL‑6 may originate from microglial cells and astro-
cytes, and be secreted by neurons at early stages of SCI (24). 
Neurogliocytes can regulate cell growth and functions in the 
central nervous system and participate in the inflammatory 
response and immunoreaction (25). It is potentially an impor-
tant factor for amplification of the inflammatory response 
at damage regions and secondary immune injury following 
primary injury (25). In the present study, it was demonstrated 
that overexpression of BDNF induces TrkB and p‑p‑38 protein 
expressions in vitro.

BDNF mainly functions to promote the survival of neurons 
and regeneration of protuberance (26). Previous studies have 
suggested that following SCI, expression levels of BDNF 
in mice would re‑actively increase (26). Following SCI, the 
requirement of BDNF by dynamoneure is enhanced (26,27). 

Endogenous BDNF originates from Schwann cells and 
muscular tissues (28), and serves an important role in remy-
elination of the axon (28). Endogenous BDNF also participates 
in the regulation of growth‑associated protein‑43 (28).

Neurotrophic factors are a type of polypeptide or protein 
factor  (29). They can promote the growth of nerve cells, 
survival and differentiation. Neurotrophic factors regulate the 
survival of neurons during neuro‑development and activate 
enzyme activities biochemically and physiologically  (27). 
Furthermore, they can prevent the death of neurons following 
injury, and promote the repair of neurons and axonal regenera-
tion (27). Furthermore, they can also regulate nervous system 
functions, including plasticity of synapses and neurotrans-
mitter transmission (25). The present study demonstrates that 
overexpression of BDNF reduces SCI inflammation in vitro. 
Chang  et  al  (30) previously demonstrated that 7,8‑DHF, 
produces fast‑onset antidepressant‑like effects in rats exposed 
to chronic mild stress via BDNF levels. The present results 
demonstrated that DHF regulates BDNF to prevent SCI in a 
rat model.

TrkB is expressed in neurons in the central nervous 
system, including the spinal cord, cerebral cortex, epen-
cephalon and olfactory bulb  (31). Following SCI, TrkB 
expression in a high‑zinc dietary group is markedly 
higher than that in an appropriate zinc group (32). TrkB 
protein expression in a zinc deficiency group is relatively 
low (32). High expression of TrkB is possibly conducive to 
the increase of BDNF expression, which may reduce the 
possibility of secondary injury following acute SCI (32). In 

Figure 3. Overexpression of BDNF reduces inflammation in vitro. (A) TNF‑α, (B) IL‑1β, (C) IL‑6, (D) IL‑18, (E) iNOS and (F) COX2 levels in the negative 
(negative mimics) and BDNF groups Data are presented as the mean + standard error of the mean for three independent experiments. **P<0.01 compared 
with negative group. BDNF, brain‑derived neurotrophic factor; TNF‑α, tumor necrosis factor‑α; IL, interleukin; iNOS, inducible nitric oxide synthase; 
COX2, cyclooxygenase‑2.
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addition, it may facilitate the recovery of the spinal cord. 
Previous studies have demonstrated that zinc released from 
synaptic vesicle has protective effects on ischemic neuron 
injury (32). Zinc deficiency may lead to death of nerve cells 
following SCI (32). In the present study, treatment with DHF 
effectively induced SCI‑inhibited TrkB signaling pathway 
in SCI rats. Han et al (33) suggested that 7,8‑DHF prevents 
onset of psychosis in adult offspring following maternal 

immune activation via BDNF‑TrkB signaling, and demon-
strated that DHF reduced inflammation via BDNF‑TrkB 
signaling.

As one member of MAPK family, extracellular signal‑regu-
lated kinase is widely prevalent in the central nervous 
system  (34). Following its activation of phosphorylation, 
extracellular signal‑regulated kinase may cause proliferation 
and activity of microglial cells, and also secrete cytokines 

Figure 4. Inhibition of p‑TrkB increases the anti‑inflammation effects of BDNF on TrkB and p‑p‑38 protein expressions in vitro. (A) TrkB and (B) p‑p‑38 
protein expression, as determined using statistical analysis, (C) Western blot analysis of BDNF protein expression, (D) TNF‑α, (E) IL‑1β, (F) IL‑6, (G) IL‑18, 
(H) iNOS and (I) COX2 levels. Negative, negative mimics group; BDNF, Overexpression of BDNF group; TrkB inhibitor, Overexpression of BDNF and 
TrkB inhibitor group. Data are presented as the mean ± standard error of the mean for three independent experiments. **P<0.01 compared with I group; 
##P<0.01 compared with II group. TrkB, tyrosine kinase receptor B; BDNF, brain‑derived neurotrophic factor; TNF‑α, tumor necrosis factor‑α; IL, interleukin; 
iNOS, inducible nitric oxide synthase; COX2, cyclooxygenase‑2.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  17:  1688-1696,  20191694

and TNF, promote inflammatory responses following inju-
ries and eliminate necrotic tissues (34). Inhibition of TrkB 
or p38 increases the anti‑inflammation effects of BDNF on 
TrkB and p‑p‑38 protein expression in vitro. Park et al (35) 
previously reported that 7,8‑DHF attenuates inflammation 
through the suppression of the nuclear factor‑κB and MAPK 
signaling pathways. BDNF‑TrkB‑p38 signaling is an impor-
tant signaling pathway of treatment with DHF for SCI. In the 
present study, it was only analyzed whether 7,8‑DHF regulates 
BDNF‑TrkB‑p38 signaling.

Taken together, the present results indicate that the 
expression of BDNF was reduced in SCI rats and that the 
overexpression of BDNF reduces SCI inflammation in vitro 
through the induction of TrkB and p‑p‑38 protein expression. 
Furthermore, the inhibition of TrkB increases the anti‑inflam-
mation effects of BDNF on TrkB and p‑p‑38 protein expression 
in vitro, which inhibited the effects of BDNF to reduce inflam-
mation in SCI model (Fig. 6).

Figure 6. The activation of BDNF reduces inflammation in a spinal cord 
injury model via TrkB/p38 MAPK signaling. BDNF, brain‑derived neuro-
trophic factor; TrkB, tyrosine kinase receptor B; MAPK, mitogen‑activated 
protein kinase; TNF‑α, tumor necrosis factor‑α; IL, interleukin; iNOS, 
inducible nitric oxide synthase; COX2, cyclooxygenase‑2.

Figure 5. Inhibition of p38 increases the anti‑inflammation effects of BDNF on inflammation in vitro. p‑p‑38 protein expression (A) using statistical analysis, 
(B) Western blot analysis of BDNF protein expression, (C) TNF‑α, (D) IL‑1β, (E) IL‑6, (F) IL‑18, (G) iNOS and (H) COX2 levels. Negative, negative mimics 
group; BDNF, Overexpression of BDNF group; p‑p38 inhibitor, Overexpression of BDNF and p‑p38 inhibitor group. Data are presented as the mean + standard 
error of the mean for three independent experiments. **P<0.01 compared with I group; ##P<0.01 compared with II group. BDNF, brain‑derived neurotrophic 
factor; TNF‑α, tumor necrosis factor‑α; IL, interleukin; iNOS, inducible nitric oxide synthase; COX2, cyclooxygenase‑2.
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