
NEURAL REGENERATION RESEARCH  

Volume 8, Issue 36, December 2013 
 

doi:10.3969/j.issn.1673-5374.2013.36.007   [http://www.nrronline.org; http://www.sjzsyj.org] 

Ma SZ, Peng CL, Wu SQ, Wu DJ, Gao CZ. Sciatic nerve regeneration using a nerve growth factor-containing fibrin glue membrane. 

Neural Regen Res. 2013;8(36):3416-3422. 
 

 

 3416 

www.nrronline.org 

Shengzhong Ma, M.D., 

Associate professor. 

 

Corresponding author: 

Chunzheng Gao, Ph.D., 

Department of Orthopedics, 

Second Affiliated Hospital of 

Shandong University, Jinan 

250033, Shandong Province, 

China, pclpcl@yeah.net. 

 

Received: 2013-10-19 

Accepted: 2013-11-02 

(N201306001) 

 

Fund: This work was 

supported by the Natural 

Science Foundation of 

Shandong Province in China, 

No. ZR2013HM102, 

Y2007C046; the Promotive 

Research Fund for Excellent 

Young and Middle-aged 

Scientists of Shandong 

Province in China, No. 

BS2013YY038; and the 

National Natural Science 

Foundation of China, No. 

81301727. 

 

Author contributions: Ma 

SZ designed this study and 

drafted the paper. All authors 

participated in related 

experiments, data collection 

and analysis, and approved 

the final version of this paper.  

 

Conflicts of interest: None 

declared. 

 

Ethical approval: The study 

was approved by the Animal 

Welfare Committee of 

Shandong University in 

China. 

 
Sciatic nerve regeneration using a nerve growth 
factor-containing fibrin glue membrane**** 

Shengzhong Ma, Changliang Peng, Shiqing Wu, Dongjin Wu, Chunzheng Gao  
 
 

Department of Orthopedics, Second Affiliated Hospital of Shandong University, Jinan 250033, Shandong Province, China 

 
 

 

Graphical Abstract 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract  
Our previous findings confirmed that the nerve growth factor-containing fibrin glue membrane pro-

vides a good microenvironment for peripheral nerve regeneration; however, the precise mechanism 

remains unclear. p75 neurotrophin receptor (p75NTR) plays an important role in the regulation of pe-

ripheral nerve regeneration. We hypothesized that a nerve growth factor-containing fibrin glue 

membrane can promote neural regeneration by up-regulating p75NTR expression. In this study, we 

used a silicon nerve conduit to bridge a 15 mm-long sciatic nerve defect and injected a mixture of 

nerve growth factor and fibrin glue at the anastomotic site of the nerve conduit and the sciatic nerve. 

Through RT-PCR and western blot analysis, nerve growth factor-containing fibrin glue membrane 

significantly increased p75NTR mRNA and protein expression in the Schwann cells at the anasto-

motic site, in particular at 8 weeks after injection of the nerve growth factor/fibrin glue mixture. 

These results indicate that nerve growth factor-containing fibrin glue membrane can promote pe-

ripheral nerve regeneration by up-regulating p75NTR expression in Schwann cells. 
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INTRODUCTION 

    

Complete regeneration is usually very difficult following 

peripheral nerve damage, though microsurgical tech-

niques have vastly increased the success rate of surgery 

to repair the injured nerve. This occurs possibly because 

of a lack of neurotrophic factors and extracellular matrix 

in the injured region, which results in a microenvironment 

that is not optimal for peripheral nerve regeneration
[1]

. 

 

Nerve growth factor (NGF) was the first neurotrophic 

factor identified in a class of molecules responsible for 

neuronal survival and differentiation
[2]

. It has been con-

firmed that administration of exogenous NGF to the end 

of nerves can protect neurons from death and signifi-

cantly improve the recovery of neurological function after 

peripheral nerve injury
[3-4]

. However, exogenous NGF 

has a short half-life of around 2–4 minutes in the body. Its 

activity is soon lost and it is sensitive to temperature, pH 

and other factors
[5]

. Therefore, many techniques, such as 

particle technology
[6-7]

, stent technology
[8]

 and coated 

cells
[9]

, have been used to acquire the maximum effect of 

exogenous NGF by maintaining its activity and release 

so it can have its desired effects in peripheral nerve re-

generation for a longer period. 

 

A previous study from our laboratory gained some insight 

into the influences of fibrin glue embedded with NGF on 

the promotion of peripheral nerve regeneration
[10]

. How-

ever, the precise mechanism by which a NGF-containing 

fibrin glue (FG) (FG-NGF) membrane can improve pe-

ripheral nerve regeneration remains unclear. 

 

The NGF receptor, also known as p75 neurotrophin re-

ceptor (p75
NTR

), binds NGF, brain-derived neurotrophic 

factor (BDNF), neurotrophin 4/5 (NT4/5) and 

neurotrophin 3 (NT3). It is known that p75
NTR

/NGF signal 

transduction is responsible for regulating growth, survival, 

migration, and differentiation during the development of 

the central and peripheral nervous systems
[11-12]

. P75
NTR

 

is crucial for Schwann cell myelination and remyelination 

during development and after peripheral damage and 

regeneration
[13-15]

. The level of p75
NTR

 is maintained and 

up-regulated until nerve regeneration re-establishes ax-

on-Schwann cell contact and remyelination
[16]

. Nerve 

injury induces the up-regulation of p75
NTR

 in motor neu-

rons but down-regulates it in sensory neurons
[17-18]

. This 

differential regulation of p75
NTR

 in peripheral nerves in-

dicates that p75
NTR

 plays an important role in the regula-

tion of peripheral nerve regeneration. In this study, we 

investigated the influence of FG-NGF membrane on the 

expression of p75
NTR

 in Schwann cells at the anasto-

motic site of the sciatic nerve in rats.   

 

 

RESULTS 

 

Quantitative analysis of animals 

Forty-eight Wistar rats were initially included and ran-

domly and evenly divided into a FG-NGF and a saline 

control group. The sciatic nerve was transected in each 

group, then the gap was bridged with a silicon nerve 

conduit and the anastomotic site of the sciatic nerve was 

injected with a mixture of NGF and fibrin glue (FG-NGF 

group) or simply physiological saline (saline control 

group). All 48 rats were included in the final analysis. 

 

Macroscopic observation  

After the FG-NGF mixtures were injected into the nerve 

conduit around the anastomotic site of the sciatic nerve 

of the rats, the FG-NGF mixtures immediately con-

densed. The entire process only took an average of 

10–15 seconds. At 2 weeks after surgery, the FG-NGF 

membranes were partially absorbed, and the volume of 

residual membranes was about 81.8 ± 17.5 mm
3
. At 4 

weeks post-surgery, the FG-NGF membranes had not 

been completely absorbed, and the volume of residual 

membranes was about 15.6 ± 6.1 mm
3
. At 8 weeks 

post-surgery, there was still a residual amount of mem-

branes around the anastomotic site of the sciatic nerve, 

and the average volume was 3.3 ± 1.8 mm
3
. At 4 and 8 

weeks post-surgery, the tissue adhesion around the 

anastomotic site of the sciatic nerve in the saline control 

group was obvious, while the FG-NGF group had no 

obvious adhesions. 

 

FG-NGF membranes induced expression of p75
NTR

 

mRNA in Schwann cells at the anastomotic site of 

the sciatic nerve 

The level of p75
NTR

 mRNA expression was determined 

by semi-quantitative RT-PCR. The time-dependent ef-

fects of FG-NGF membranes on p75
NTR

 mRNA expres-

sion in Schwann cells at the anastomotic site of the sci-

atic nerve in rats were shown at 2, 4, and 8 weeks 

post-surgery (P < 0.05 or P < 0.01), and peaked at 8 

weeks (P < 0.01; Figure 1).  

 

FG-NGF membranes induced p75
NTR

 protein 

expression in Schwann cells at the anastomotic site 

of the sciatic nerve 

Western blot analysis showed that p75
NTR

 protein ex-

pression in Schwann cells was significantly increased 

after FG-NGF membrane treatment compared with the 
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saline control group at 2, 4, and 8 weeks (P < 0.05 or P < 

0.01; Figure 2) and this effect was most obvious at     

8 weeks (P < 0.01). This is consistent with the increased 

p75
NTR

 mRNA expression as shown by RT-PCR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

Schwann cells play a key role in peripheral nerve regen-

eration via the secretion of trophic support mole-

cules
[19-23]

. Schwann cells can also help guide the re-

generating axons by forming a type of tunnel that leads 

toward the target neurons, and remove axonal de-

bris
[24-25]

.  

 

However, regeneration of peripheral nerve through 

autografts, as well as natural or engineered grafts, even 

with implanted Schwann cells is suboptimal. This may 

be due to neuronal fibrosis, death, and delayed in-

growth of regenerating axons into the distal stump
[19]

. 

Several studies have been aimed at improving neural 

regeneration and overcoming these problems using 

NGFs
[23, 26-27]

. 

 

NGF has properties that promote both synaptic growth 

and neuronal health, and it has a critical regulatory role in 

the development, growth, differentiation, nerve regener-

ation and functional recovery of the peripheral nervous 

neurons
[26-28]

. However, exogenous NGF degrades rap-

idly in vivo, and it is also sensitive to temperature, pH 

and other factors
[29-30]

. Thus, the activity of exogenous 

NGF in peripheral nerve regeneration is relatively short- 

lived. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To extend the activity of exogenous NGF and improve its 

effects in peripheral nerve regeneration, we previously 

explored the technology for creating fibrin glue embed-

ded with NGF to repair injured peripheral nerve
[10]

. The 

hypothesis is based on the fact that in local microenvi-

ronment of peripheral nerve regeneration, the extracel-

lular matrix, including fibronectin, laminin, collagen, and 

other elements can promote axonal growth via adhe-

sion
[9, 31-32]

. FG was mixed with NGF completely and 

evenly. Thus the mixture not only avoids degradation of 

NGF, but also prevents it from being easily lost
[33]

. Fur-

thermore, the FG-NGF membrane promotes the sus-

tained release of NGF as FG is gradually absorbed and 

NGF can exert its biological role for a longer time
[10, 34]

. 

As the membrane is used as an adhesive, it can reattach 

the peripheral nerve ends. It is also biodegradable and 

biocompatible, and is fully absorbed by the tissue
[10, 35-36]

. 

Figure 1  RT-PCR analysis of the effect of nerve growth 
factor-containing fibrin glue (FG-NGF) membrane on p75 
neurotrophin (p75NTR) mRNA expression in Schwann cells.  

RT-PCR showed that FG-NGF significantly up-regulated 
p75NTR mRNA levels in Schwann cells compared to those 
of saline control cells at 2, 4, and 8 weeks (w) post-surgery 
(aP < 0.05, bP < 0.01, vs. the saline control group). 

One-way analysis of variance followed by Fisher ’s least 
significant difference test was used to compare differences 
between groups. p75NTR mRNA expression is shown as 

mean ± SD of three separate experiments, normalized to 
the expression level of GAPDH.  

Figure 2  Protein expression of p75 neurotrophin receptor 
(p75NTR) in Schwann cells after treatment with a nerve 
growth factor-containing fibrin glue (FG-NGF) membrane 
for 1, 2, 4, and 8 weeks.  

p75NTR protein expression is shown as mean ± SD of three 
separate experiments. Blots obtained from Western blot 
analysis were probed for β-actin to normalize each lane for 
target protein expression level. p75NTR protein expression 

levels in Schwann cells were significantly increased 
compared to those of saline control cells at 2, 4, and 8 
weeks (w) post-surgery (aP < 0.05, bP < 0.01, vs. the 

saline control group). One-way analysis of variance 
followed by Fisher's least significant difference test was 
used to compare differences between groups.  
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In our previous study
[10]

, we have shown that FG-NGF 

membranes can be maintained for 4–8 weeks and can 

improve peripheral nerve regeneration in the rats
[10]

. 

However, the mechanisms by which the FG-NGF mem-

brane exerts its effects on the repair process of periph-

eral nerve injury are poorly understood. To address this 

issue, we used rat primary cultured Schwann cells to 

determine the effect of the FG-NGF membrane on the 

expression of Schwann cell p75
NTR

 at the anastomotic 

site of the sciatic nerve. Our results demonstrated that 

FG-NGF membranes significantly induced the expres-

sion of p75
NTR

 in Schwann cells at both the mRNA and 

protein levels. Our data suggest that FG-NGF mem-

branes can exert synergistic effects on peripheral nerve 

regeneration by inducing the expression of p75
NTR

 in 

Schwann cells. 

 

p75NTR is essential for the Schwann cell remyelination 

following peripheral nerve injury and myelination during 

development
[37-43]

. We designed this study to observe 

neural regeneration by providing exogenous NGF and 

FG locally to optimize the microenvironment for neural 

regeneration. According to the experimental results, we 

can infer that, after peripheral nerve injury, the local im-

paired Schwann cells express high expression of p75
NTR

, 

which can bind abundant NGF. The NGF can induce the 

regeneration of neurons in the microenvironment sup-

plied by FG. These results should promote further re-

search about the potential use of this FG-NGF mem-

brane in clinical studies. However, further studies are 

needed to clarify this issue. 

 

Much indirect evidence from our previous research 

indicates that NGF is released continuously as FG is 

gradually absorbed. It was noted that in our previous 

study, we did not determine the release of NGF from 

the FG-NGF membranes around the anastomotic site of 

the sciatic nerve of the rats. Because it is not easy to 

isolate an adequate number of Schwann cells
[44-45]

, in 

the present study, we used primary cell culture to obtain 

an adequate number of cells. Primary cell cultures of 

animal tissues are advantageous as specific cell types 

can be investigated in vitro away from their normal  

environment
[46]

.  

 

Primary cultured cells have advantages in accordance 

with having cell behavior that reflects better the in vivo 

niche, and therefore, have more preclinical and clinical 

adaptability
[47-48]

. However, other factors may affect cell 

behavior in vitro, such as the cell culture media and its 

supplements, the seeding density and the culture system 

itself, and may lead to different outcomes. Furthermore, 

the intrinsic biological environment around nerve regen-

eration in vivo is much more complex. Therefore, we 

examined whether the materials we tested in vitro could 

be successfully used in vivo. Further studies are neces-

sary to elucidate these points. 

 

 

MATERIALS AND METHODS 

 

Design 

A randomized, controlled animal experiment. 

 

Time and setting 

Experiments were performed at the Department of Or-

thopedics, Second Affiliated Hospital of Shandong Uni-

versity, China from June 2010 to December 2011. 

 

Materials 

A total of 48 clean, adult Wistar rats of either sex, aged 

60 days, weighing 250–300 g, were purchased from the 

Experimental Animal Center of Shandong University in 

China (license No. SCXK (Lu) 20090001). The animals 

were housed at 23 ± 3°C, with 40–70% relative humidity, 

under a natural light-dark cycle, and allowed free access 

to food and water. 

 

Methods 

Surgical technique 

The animals were anesthetized by intraperitoneal injec-

tion of 1.2 g/kg urethane. Under aseptic conditions, the 

left sciatic nerve was exposed. It was cut above the sci-

atic nerve bifurcation, which was 0.5 cm below the ischial 

tuberosity. Before suturing the nerve, a 17 mm silicon 

nerve conduit (1.55 mm inner diameter, 0.23 mm thick-

ness) (NeuraGen
®
, Integra Life Sciences Corporation, 

USA) was used to bridge a 15 mm gap in the rat sciatic 

nerve. The use of silicon nerve conduits was performed 

as described previously
[49-50]

. Both the distal and proximal 

nerve stumps were inserted with 10–0 nylon to a depth of 

1 mm into the conduits, leaving a 15 mm gap between 

the stumps (Figure 3). In addition, drugs were adminis-

tered as follows: FG-NGF mixtures (4 mg/L) (1:1 v/v) in 

the FG-NGF group (FG from Guangzhou Special Tech-

nology Ltd., China; NGF from the U.S. Biological Engi-

neering Ltd.); the saline control group received normal 

saline. FG-NGF mixtures and normal saline were inject-

ed into the nerve conduit from the two ends of nerve 

conduit. The total injection volume was 0.5 mL. The 

wound was subsequently closed in layers with 2-0 Dexon 

sutures after surgical treatment and the animals were 

separately housed. Tests were performed at 1, 2, 4 and 8 

weeks following surgery. 
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Macroscopic observation  

At 2, 4 and 8 weeks after surgery, animals were sacri-

ficed to perform macroscopic observation. The changes 

in the FG-NGF membranes around the anastomotic site 

of the sciatic nerve of the rats were observed and 

measured. The volume of residual membranes (mm
3
) 

was measured with calipers and calculated by the for-

mula V = L × W × H, where L is length, W is width and H 

is height. 

 

Cell culture 

The animals were sacrificed at 1, 2, 4, 8 weeks for sciatic 

nerve extraction. The sciatic nerves in the anastomosis 

and in the region 1 cm distal to the anastomosis were 

obtained after surrounding connective tissue and epi-

neurium were removed under a dissecting microscope. 

Then, the obtained nerve tissue was cut into pieces and 

digested with 0.25% trypsin, 0.25% collagenase and 

0.25% pancreatin (40 minutes, 37°C) after repeated pi-

petting. The treated suspension cells were then seeded 

on culture plates. Cells were maintained in Dulbecco’s 

modified Eagle’s medium (DMEM; Gibco RL, Grand Is-

land, NY, USA) containing 10% fetal bovine serum, peni-

cillin (100 U/mL) and streptomycin (100 μg/mL) in a hu-

midified 5% CO2 atmosphere. Forty-eight hours later, the 

cells were treated with 10.5 g/L cytarabine (Ara-C) 

(Sigma, St. Louis, MO, USA) for 2 days.  

 

RT-PCR analysis 

After the cultures reached about 80% confluence, total 

RNA was isolated from the cell monolayers with a 

RNeasy kit (Qiagen, Hilden, Germany) according to the 

manufacturer’s protocol. Reverse transcription of total 

cellular RNA (5 μg) was performed with a First-Strand 

cDNA Synthesis Kit (Amersham, Buckinghamshire, UK). 

According to the GeneBank sequences for p75
NTR

 and 

GAPDH, primers were synthesized and used for PCR 

amplification. The primer sequences were as follows: 

p75
NTR

 forward primer, 5′-TGA GTG CTG CAA AGC CTG 

CAA-3′; p75
NTR

 reverse primer, 5′-TCT CAT CCT GGT 

AGT AGC CGT-3′; GAPDH forward primer, 5′-TGC CAC 

TCA GAA GAC TGT GG-3′; GAPDH reverse primer, 

5′-TTC AGC TCT GGG ATG ACC TT-3′. The desired 

PCR products were 230 bp for p75
NTR

 and 189 bp for 

GAPDH. The PCR amplification was performed in a total 

volume of 20 μL using a Taq PCR Master Mix kit (Qiagen, 

Hilden, Germany). PCR was performed with the following 

cycling protocol: an initial denaturation at 94°C for      

2 minutes, followed by 30 cycles at 94°C for 45 seconds, 

at 60°C for 60 seconds, at 72°C for 45 seconds, with a 

final extension step at 72°C for 7 minutes. The PCR 

products were size-fractionated in a 2% agarose gel 

electrophoresis and visualized by staining with ethidium 

bromide. Photographs of gels were analyzed using the 

Gel-Pro Analyzer software (Version 3.1, Media Cyber-

netics Inc., Silver Spring, Maryland, USA).  

 

Western blot analysis 

Cells were lysed in buffer (1% sodium dodecyl sulfate, 

protease inhibitors), and boiled for 5 minutes. After cen-

trifugation for 5 minutes at 20 800 × g at 4°C, the su-

pernatant was collected and the concentration was 

quantified using the BCA assay (Pierce, Rockford, IL, 

USA). Protein samples (30 μg of protein per lane) were 

resolved by 10% sodium dodecyl sulfate polyacrylamide 

gel electrophoresis, followed by electrotransfer onto 

polyvinylidene difluoride membranes (Millipore, Bedford, 

MA, USA). After transfer, the membranes were blocked 

in 5% skim milk prepared in phosphate buffered saline. 

The membranes were then probed with specific primary 

antibodies rabbit polyclonal antibody against p75
NTR 

 

(1:1 000 dilution; Cell Signaling Technology, Beverly, MA, 

USA); antibody for β-actin (1:1 000 dilution) overnight at 

4°C followed by horseradish peroxidase-conjugated an-

ti-rabbit secondary antibody at a 1:50 000 dilution (Santa 

Cruz Biotechnology, Santa Cruz, CA, USA). Specific 

bands were detected by enhanced chemiluminescence, 

and bands were quantified using Sigma Gel-Gel Analysis 

software (Sigma-Aldrich, St. Louis, MI, USA), as previ-

ously described
[51]

.  

 

Statistical analysis  

All results were expressed as mean ± SD. Statistical 

analysis was performed using the software SPSS version 

19.0 (SPSS, Chicago, IL, USA). The data of both 

RT-PCR and western blot analyses were evaluated for 

statistical significance by one-way analysis of variance 

Figure 3  Surgical procedures applied during the 
stabilization of bacterial silicon nerve conduits at the site of 

the nerve injury. 
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followed by Fisher’s least significant difference test. A P 

value < 0.05 was considered statistically significant. 

 

Research background: The obstacle for complete regenera-

tion following peripheral nerve injury is a lack of neurotrophic 

factors and extracellular matrix in the injured region, both of 

which are necessary for regeneration.  

Research frontiers: Studies have confirmed that a FG-NGF 

membrane can promote rat peripheral nerve regeneration, but 

the precise mechanism remains unclear.  

Clinical significance: This study concluded the mechanism by 

which FG-NGF membrane promotes rat peripheral nerve re-

generation, which provides experimental evidence for its clinical 

application in peripheral nerve regeneration.  

Academic terminology: FG-NGF membrane refers to a glue 

membrane prepared using fibrin glue with nerve growth factor 

embedded (v/v; 1:1) in the environment for peripheral nerve 

regeneration. 

Peer review: This study was the first to confirm that FG-NGF 

membrane promotes peripheral nerve regeneration by 

up-regulating p75NTR expression in Schwann cells and investi-

gated the mechanism by which it promotes peripheral nerve 

regeneration at the anastomotic site.   
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