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Abstract  
Neutrophil peptide 1 belongs to a family of peptides involved in innate immunity. Continuous intramuscular injection of neutrophil pep-
tide 1 can promote the regeneration of peripheral nerves, but clinical application in this manner is not convenient. To this end, the effects 
of a single intraoperative administration of neutrophil peptide 1 on peripheral nerve regeneration were experimentally observed. A rat 
model of sciatic nerve crush injury was established using the clamp method. After model establishment, a normal saline group and a neu-
trophil peptide 1 group were injected with a single dose of normal saline or 10 µg/mL neutrophil peptide 1, respectively. A sham group, 
without sciatic nerve crush was also prepared as a control. Sciatic nerve function tests, neuroelectrophysiological tests, and hematoxy-
lin-eosin staining showed that the nerve conduction velocity, sciatic functional index, and tibialis anterior muscle fiber cross-sectional area 
were better in the neutrophil peptide 1 group than in the normal saline group at 4 weeks after surgery. At 4 and 8 weeks after surgery, there 
were no differences in the wet weight of the tibialis anterior muscle between the neutrophil peptide 1 and saline groups. Histological stain-
ing of the sciatic nerve showed no significant differences in the number of myelinated nerve fibers or the axon cross-sectional area between 
the neutrophil peptide 1 and normal saline groups. The above data confirmed that a single dose of neutrophil peptide 1 during surgery can 
promote the recovery of neurological function 4 weeks after sciatic nerve injury. All the experiments were approved by the Medical Ethics 
Committee of Peking University People’s Hospital, China (approval No. 2015-50) on December 9, 2015.

Key Words: crush injury; defensin 1; gait analysis; intraoperative administration; nerve conduction velocity; nervous system; neutrophil peptide 1; 
peripheral nerve injury; peripheral nerve regeneration; sciatic nerve; tibialis anterior muscle; trauma
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Graphical Abstract   

Effect of single intraoperative administration of neutrophil peptide 1 (NP-1) on peripheral nerve 
regeneration
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Introduction 
Peripheral nerve injury leads to loss of sensory and motor 
functions and causes a heavy burden on individuals, families 
and society (Yuce et al., 2015). Compared with the central 
nervous system, peripheral nerves have the ability to partial-
ly regenerate after injury (Gong et al., 2016; Panagopoulos 
et al., 2017). However, the regeneration ability is extremely 
limited because of the pathophysiological characteristics of 
the nerve. In addition to anatomically restoring the integri-
ty of nerve tissue by different surgical means (Zhang et al., 
2010; Trehan et al., 2016), physicians have made extensive 
explorations into drugs and biological products that can 
promote the recovery of peripheral nerve function, such 
as nerve growth factor (Sang et al., 2018), Schwann cells 
(Gomez-Sanchez et al., 2017), stem cells (Jiang et al., 2017), 
macrophages (Kobiela Ketz et al., 2017), and lithium chlo-
ride (Chen et al., 2016). In recent decades, some progress has 
been made in the field of peripheral nerve repair; however, 
clinical outcomes are still largely unsatisfactory (Terzis and 
Kokkalis, 2009).

Neutrophil peptide 1 (or defensin 1, NP-1) belongs to a 
class of immunoregulatory polypeptides with stable physico-
chemical properties that are secreted by neutrophils and that 
are widely present in mammals (Lehrer et al., 1993). Their 
biological effects are dose-dependent (Kanmura et al., 2009). 
NP-1 is strongly associated with tissue repair, and can pro-
mote wound healing of pulmonary epithelial tissue (Zhou et 
al., 2007), proliferation of pulmonary epithelial cells (Aarbiou 
et al., 2002), fibroblasts (Murphy et al., 1993) and retinal 
epithelial cells (Muller et al., 2002). In the field of neuro-
science, Nozdrachev et al. (2006) showed that NP-1 has the 
ability to accelerate regeneration of peripheral nerves after 
denervation. A similar effect was also observed in a model 
of peripheral nerve denervation. One week after continuous 
intramuscular injection of NP-1, the regeneration ability of 
the injured nerve was enhanced (Xu et al., 2016).

However, in the clinic, patients are reluctant to undergo 
invasive treatment for several consecutive days, and it is 
often difficult to achieve treatment effects similar to those 
of a laboratory experiment. In this study, NP-1 was applied 
around the affected nerve in a single dose to imitate imme-
diate intraoperative administration to explore the clinical 
application of the immunoregulatory polypeptide. 
  
Materials and Methods
Experimental animals
Thirty-six female specific-pathogen-free Sprague-Dawley 
rats aged 6 weeks and weighing 200–230 g were purchased 
from Beijing Vital River Laboratory Animal Technology Co., 
Ltd., China (license No. SCXK (Jing) 2016-0006) and housed 
in a barrier environment with a 12-hour light/dark cycle and 
humidity of 40%. All experiments were conducted in strict 
accordance with the animal welfare rules and were approved 
by the Medical Ethics Committee of the People’s Hospital of 
Peking University, China (approval No. 2015-50) on Decem-
ber 9, 2015. 

Drug preparation
Solutions of 10 µg/mL NP-1 (Shanghai Qiangyao Biological 
Technology Co., Ltd., Shanghai, China) and physiological 
saline were prepared and all samples were numbered. To 
eliminate subjective bias, the personnel in charge of the ex-
periment and data analysis did not know the relationship 
between number and drug.

Establishment of the animal model 
All rats were randomly divided into a sham group (n = 12), a 
normal saline (NS) group (n = 12), and a NP-1 group (n = 12). 
Rats were anesthetized with isoflurane (2.5%, 100 mL/min) 
and then the right hindlimb was shaved. The skin, fascia and 
muscle were cut sequentially to expose the sciatic nerve. The 
sciatic nerve was wrapped with a moist rubber strip 5–7 mm 
proximal to the sciatic nerve bifurcation. Ten-centimeter he-
mostatic forceps were used to crush the nerve for 30 seconds 
with three clasps locked, and the length of the crush zone was 
approximately 4 mm (Dun and Parkinson, 2018). The 12 rats 
of the NS group were intermuscularly injected with 0.5 mL 
saline at the site where the sciatic nerve is located. The rats 
of the NP-1 group were injected with an equal volume of 10 
µg/mL NP-1 at the same site. A muscle space bulge was seen 
after the injection, but no fluid leaked from the suture zone. 
When palpating the outside muscles, the undulation could 
be felt. The muscle and fascia were sutured, and the skin was 
sutured and sterilized with alcohol. In the sham group, mus-
cle, fascia and skin were sutured and disinfected after sciatic 
nerve exposure. At 4 and 8 weeks after surgery, six rats from 
each group were used for detection of sciatic functional index 
(SFI) and neuroelectrophysiology.

SFI detection
At 4 and 8 weeks after operation, six rats from each group 
were taken for gait analysis using the CatWalk XT 10.5 sys-
tem (Noldus, Wageningen, Netherlands). The width of the 
walking platform was adjusted to accommodate the size of 
the rats (Kappos et al., 2017). The camera position and focal 
length were adjusted, and the software parameters were cho-
sen. Before the gait test, the rats in each group were trained 
in running. After defecating and urinating, the rats from each 
group were placed on the left side of the walking platform 
of the CatWalk XT small animal gait analyzer (Noldus), so 
that they spontaneously ran to the right end. The following 
parameters were automatically recorded: print length (PL), 
the greatest length of one footprint; toe spread (TS), the dis-
tance between the first toe and the fifth toe; and intermediary 
toe spread (IT), the distance between the second toe and the 
fourth toe. Using the right foot as experimental (E) data and 
the left foot as normal (N) data, three factors were calculated: 
print length factor (PLF) = (EPL – NPL)/NPL; toe spread fac-
tor (TSF) = (ETS – NTS)/NTS; and intermediary toe spread 
factor (ITF) = (EIT – NIT)/NIT. SFI was equal to –38.3 (PLF) 
+ 109.5 (TSF) + 13.3 (ITF) –8.8 (Timotius et al., 2019). 

Nerve conduction velocity recording
After gait analysis, rats were anesthetized with isoflurane 
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gas (2.5%, 100 mL/min). The skin was cut along the original 
surgical incision and a stimulating electrode was placed ap-
proximately 5 mm from the distal and proximal ends of the 
crush zone. The sensing electrode was placed on the tibialis 
anterior muscle. A ground wire was inserted into the gluteus 
maximus. A rectangular pulse was generated with a duration 
of 0.1 ms, current of 0.09 mA and frequency of 1 Hz (Synergy 
electrophysiology instrument, Oxford, UK). After a pulse 
was transmitted once, the difference in conduction time be-
tween adjacent distal and proximal ends was recorded and 
calculated. The conduction velocity of the common peroneal 
nerve was measured as above. The difference between the 
tibial nerve conduction velocity and the common peroneal 
nerve conduction velocity was calculated (Yuan et al., 2019). 

Muscle wet weight
After rats were euthanized, the tibialis anterior muscle was 
severed from the ankle joint, dissected along its length and 
dissociated at its proximal attachment. After wiping the mus-
cle surface with gauze, the weight was immediately recorded 
using an electronic balance to two decimal places.

Hematoxylin-eosin staining of muscles 
After the measurement of muscle wet weight, the ventral 
part of the middle 1/3 of the right tibialis anterior muscle 
was fixed with 4% paraformaldehyde at 4°C overnight, dehy-
drated with gradient sucrose-based solution, and embedded 
in OCT compound (Sakura, Tokyo, Japan) at –80°C. The 
sample was sectioned into 8-μm sections with a freezing mi-
crotome (Leica, Germany). The sections were stained with 
hematoxylin and eosin. Cross-section muscle images were 
captured at 100× magnification, and five fields were random-
ly selected from each sample. Cross-section area and density 
of muscle fibers were measured using Image Pro Plus 4.5 
software (Media Cybernetics, Silver Spring, MD, USA). 

Scanning electron microscopy
Rats were euthanized at 4 and 8 weeks and the nerve 1 mm 
distal to the clamp was obtained, pre-fixed in 2.5% glutaral-
dehyde for 6 hours, washed with phosphate-buffered saline, 
dehydrated through a graded alcohol series, embedded in 
embedding medium, and sectioned with a semi-thin micro-
tome. The specimen embedded in each semi-thin section 
was trimmed under an anatomical microscope (Xing-
ming Optical Instrument Co., Ltd., Shenzhen, China). The 
cross-section was then cut into 70 nm ultrathin sections. The 
sections were collected with a copper screen, and stained 
with 3% uranium acetate and lead citrate, and then observed 
and recorded using a transmission electron microscope 
(Olympus, Tokyo, Japan).

The semi-thin slices prepared above were baked for 30 
minutes in a 60°C oven, then dewaxed in a gradient solution 
of xylene and anhydrous ethanol. After washing in water, 
sections were immersed in 1% toluidine blue dye solution for 
10 minutes, and washed with clear water. All sections were 
treated with a mixture of xylene and ethanol, and mounted 
with neutral resin. Five images from different parts of each 

section were analyzed under a microscope (Olympus, Tokyo, 
Japan), and data from five nerve sections were quantified. Fi-
nally, the average diameter of the axons and the total number 
of myelinated axons were evaluated using ImageJ software 
1.8.0 (National Institutes of Health, Bethesda, MD, USA) (Lu 
et al., 2019; Rao et al., 2019).

Statistical analysis 
All data are expressed as the mean ± SD. All data were an-
alyzed using SPSS 17.0 software (SPSS, Chicago, IL, USA). 
One-way analysis of variance was used to check the differ-
ences among groups. The least significant difference test 
was utilized for intergroup comparison. The Games-Howell 
method was used for heterogeneity of variance. P values < 
0.05 were considered statistically significant.

Results 
General observations 
All rats survived. At 4 and 8 weeks after surgery, the hind-
limbs in the NP-1 and NS groups were atrophied to varying 
degrees compared with the sham group, especially the plan-
tar muscles causing the feet to curl up (Figure 1). There was 
no obvious toe autophagy in any group. Adhesion of the 
sciatic nerve to surrounding tissues was minimal; only a few 
connective tissues adhered to surrounding tissue at the crush 
site. At 4 weeks, there was edema in the distal nerve of the 
sham group. At 8 weeks, the edema had subsided. 

Changes in SFI  
The absolute value of SFI was significantly lower in the sham 
group than in the NS and NP-1 groups (P < 0.05). At postop-
erative week 4, SFI was significantly lower in the NP-1 group 
than in the NS group (P < 0.05). At postoperative week 8, SFI 
was slightly lower in the NP-1 group than in the NS group (P 
= 0.63; Figure 2). 

Changes in muscle wet weight
Compared with the sham group, the wet weight of the 
atrophic tibialis anterior muscle was reduced by different 
amounts in the NP-1 and NS groups at postoperative 4 and 
8 weeks (P < 0.05; Figure 3). At postoperative weeks 4 and 8, 
the wet weights of the tibialis anterior muscle were slightly 
higher in the NP-1 group than in the NS group (P > 0.05; 
Figure 3). 

Changes in muscle histology
Fiber diameter was larger at 8 weeks than at 4 weeks af-
ter surgery in all three groups. Compared with the sham 
group, muscle fibers were atrophied to varying degrees in 
the NS and NP-1 groups after surgery (Figure 4). At 4 weeks 
post-surgery, the density of muscle fibers was slightly lower 
in the sham group compared with that in the NS group (P 
= 0.135), but the diameter of muscle fibers was significantly 
larger in the sham group than in the NS group (P < 0.05). The 
number of muscle fibers was significantly more in the sham 
group than in the NP-1 group (P < 0.05). The density of mus-
cle fibers was smaller in the NP-1 group than in the NS group 
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(P < 0.05), but cross-sectional area was larger in the NP-1 
group than in the NS group (P < 0.05). At 8 weeks post-sur-
gery, the density of muscle fibers was significantly smaller in 
the sham group than in the NS and NP-1 groups (P < 0.05). 
Mean cross-sectional area of muscle fibers was significantly 
higher in the sham group than in the NS and NP-1 groups (P 
< 0.05). The density of muscle fibers was smaller in the NP-1 
group than in the NS group (P < 0.05), but cross-sectional 
area was slightly larger in the NP-1 group than in the NS 
group (P = 0.09). 

Changes in neuroelectrophysiology
At 4 weeks post-surgery, the conduction velocity was signifi-
cantly lower in the NS and NP-1 groups compared with that 
in the sham group (P < 0.05; Figure 5). Conduction velocity 
of common peroneal nerves was significantly higher in the 
NP-1 group compared with that in the NS group (P < 0.05). 
At 8 weeks post-surgery, the conduction velocity was sig-
nificantly lower in the NS and NP-1 groups compared with 
that in the sham group. The conduction velocity was slightly 
higher in the NP-1 group than in the NS group (P = 0.08; 
Figure 5). 

Changes in neurohistology
The number and axon diameter of myelinated nerve fibers 
were significantly smaller in the NS and NP-1 groups com-
pared with those in the sham group (P > 0.05). No signif-
icant difference in number, axon diameter and G-ratio of 
myelinated nerve fibers was seen between the NP-1 and NS 
groups at various time points (P > 0.05; Figures 6 and 7).

Discussion
There are many kinds of animal models to study peripher-
al nerve repair. The rat sciatic nerve crush injury is such a 
model that is stable and commonly used (Savastano et al., 
2014; Yi et al., 2016). Crush injury can cause a different 
pathophysiological response compared with a cut injury, 
resulting in permanent damage to the function of the inner-
vated area (Ousman et al., 2017). To explore the characteris-
tics of NP-1 in promoting peripheral nerve regeneration and 
to lay the foundation for its clinical application, this study 
used this model to simulate treatment with a single adminis-
tration during surgery. 

Wallerian degeneration occurs after peripheral nerve 
crush. This is a neurodegenerative change discovered by 
Waller in 1851 that occurs at the distal end of the damaged 
axon. Gilley and Coleman (2010) believe that the degrada-
tion of axon skeletons that maintain neuromorphism may 
be the origin of degeneration. The degradation of axons and 
myelin are mechanically different processes (Gamage et al., 
2017). According to the traditional view, Wallerian degener-
ation is the pathological change after peripheral nerve injury. 
Axons and myelin disintegrate and release a large number of 
low molecular mass substances that inhibit nerve regenera-
tion, start an inflammatory chain reaction, and block nerve 
regeneration (Chen et al., 2015). Recent findings provide 
direct evidence that Wallerian degeneration is a conservative 

axonal disintegration program driver rather than a passive 
response to axonal injury (Osterloh et al., 2012; Pellegatta 
and Taveggia, 2019). It is considered to be a complex, im-
mune-related pathophysiological process regulated by multi-
ple-factor networks (DeFrancesco-Lisowitz et al., 2015; Ding 
and Hammarlund, 2019). After nerve injury, Schwann cells 
and macrophages are activated by damage signals, and began 
to remove the debris produced by distal tissue disintegration. 
Simultaneously, neurotrophic factors and inflammatory fac-
tors are released, which lay the foundation for axon regen-
eration. Wallerian degeneration is strongly associated with 
nerve regeneration (Wang et al., 2018). The speed of Walleri-
an degeneration determines the speed of nerve regeneration 
to a certain extent (Gaudet et al., 2011; Mietto et al., 2015).

NP-1 is a small-molecule polypeptide with immunomod-
ulatory effects on many processes of the inflammatory re-
sponse (Chan and Gallo, 1998; Jenssen et al., 2006; Klotman 
and Chang, 2006). NP-1 can activate ERK and JNK signaling 
pathways in lung endothelial cells and monocytes (Aarbiou 
et al., 2004), thereby regulating the expression of down-
stream pro-inflammatory response factors (Roman-Blas 
and Jimenez, 2006; Shiozawa and Tsumiyama, 2009). Recent 
studies have found that NP-1 is inextricably linked to mac-
rophages. Among several neutrophil peptide subtypes, NP-1 
has the strongest chemotactic effect on monocytes and can 
recruit macrophages and T cells to accumulate at the site 
of inflammation. The peak concentration for macrophage 
chemotaxis was approximately 5 × 10–9 m (Territo et al., 
1989). NP-1 can also stimulate macrophages and enhance 
their phagocytic ability (Ganz, 2003). In a recent study, NP-1 
was called the valve of the macrophage-dominated inflam-
matory response (Brook et al., 2016). NP-1 at low concen-
trations (5–15 µg/mL) can bind to RNA in macrophages to 
block mRNA translation of inflammatory factors (such as 
tumor necrosis factor-α and interleukin-1β) and regulate 
the expression of Th1 inflammatory factors. NP-1 is also the 
first cell-synthesized peptide that has been demonstrated to 
directly enter a target cell to affect translation and regulate 
protein expression (Brook et al., 2016). In a series of studies 
on the pathogenesis of colitis, Maeda et al. (2016) found that 
the regulatory effect of NP-1 on macrophages may present a 
“bipolar effect”. High dose NP-1 (100 ug/d) can enhance the 
expression of inflammatory factors. In contrast, a physio-
logical dose of NP-1 (5 ug/d) can remarkably reduce the ex-
pression of tumor necrosis factor-α, interleukin-1β, interleu-
kin-6 and other strong inflammatory factors, and reduce the 
inflammatory response. In intestinal inflammation caused 
by inactivated Escherichia coli, when the concentration of 
NP-1 was 10 µg/mL, interleukin-10 expression was markedly 
increased and cell viability peaked. When the concentration 
was increased to 100 µg/mL, cell viability and interleukin-10 
expression were dramatically decreased (Maeda et al., 2016). 

In this study, NP-1, as a small-molecule that can be 
mass-produced, was used to treat peripheral nerve crush 
injury. After eliminating interference from researcher’s 
choice bias, NP-1 can promote the early recovery of periph-
eral nerve crush injury to a certain extent, but NP-1 cannot 
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Figure 1 General observation of rat limbs 
in each group.
(A, B) General observation of hindlimbs in 
different groups at 4 and 8 weeks, respec-
tively. 1: Sham group; 2: NS group; 3: NP-1 
group. Compared with the sham group, 
NP-1 and NS groups showed toe flexion de-
formity at 4 weeks. Plantar muscle atrophy 
was noticeable in NS and NP-1 groups at 8 
weeks. NP-1: Neutrophil peptide 1; NS: nor-
mal saline.

Figure 2 Sciatic functional index among the three groups. 
Each group contained six rats. The SFI of the NP-1 group was much 
lower than that of the NS group. One-way analysis of variance was used 
to check the differences among groups. *P < 0.05, vs. sham group; #P 
< 0.05, vs. NS group. Data are expressed as the mean ± SD (n = 6; one-
way analysis of variance followed by least significant difference post hoc 
test). NP-1: Neutrophil peptide 1; NS: normal saline; SFI: sciatic func-
tional index.
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Figure 3 Tibialis anterior muscles and muscle wet 
weight.
(A, B) Images of the tibialis anterior muscle at 4 and 
8 weeks, respectively. 1, 2, 3: Sham, NS, and NP-1 
groups, respectively. At the same time point, the mus-
cle wet weight of the NP-1 group and NS group was 
significantly lower than that of the sham group. In the 
same group, muscle wetness was greater at 8 weeks 
than at 4 weeks. There was no difference in muscle wet 
weight between NP-1 and NS groups at the same time 
point. *P < 0.05, vs. sham group. Data are expressed 
as the mean ± SD (n = 6; one-way analysis of variance 
followed by the least significant difference post hoc 
test). NP-1: Neutrophil peptide 1; NS: normal saline.
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Figure 4 Histological images of tibialis anterior muscle and muscle fiber density and area.
(A, B) Tibialis anterior muscle at 4 and 8 weeks, respectively. 1, 2, 3: Sham, NS and NP-1 groups, respectively. The gap between muscle fibers was 
increased to varying degrees at 4 and 8 weeks. Scale bars: 100 µm. The number of muscle fibers was less in the NP-1 group than in the NS group, 
but the diameter of the muscle fibers was larger in the NP-1 group than in the NS group at four weeks. *P < 0.05, vs. sham group; #P < 0.05, vs. NS 
group. Data are expressed as the mean ± SD (n = 6; one-way analysis of variance followed by the least significant difference post hoc test). NP-1: 
Neutrophil peptide 1; NS: normal saline.

Figure 5 Motor nerve conduction velocity (MNCV).
At four weeks, the nerve conduction velocity was significantly higher 
in the NP-1 group than in the NS group. At eight weeks, there was no 
significant difference in nerve conduction velocity between the NS and 
NP-1 groups. *P < 0.05, vs. sham group; #P < 0.05, vs. NS group. Data 
are expressed as the mean ± SD (n = 6; one-way analysis of variance fol-
lowed by the least significant difference post hoc test). NP-1: Neutrophil 
peptide 1; NS: normal saline. 
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Figure 6 Nerve morphology in each group. 
(A, B) Electron microscopy images of nerves in each 
group at 4 weeks post-surgery. (C, D) Electron mi-
croscopy images of nerves in each group at 8 weeks 
post-surgery. 1, 2, 3: Sham, NS and NP-1 groups, respec-
tively. Compared with the sham group, the myelinated 
nerve fibers in the NS and NP-1 groups were sparsely 
arranged at the same time point. Atrophic axons of vary-
ing numbers were seen in both the NP-1 and NS groups. 
Original magnification, 2550× in A and C and 4200× in 
B and D. Scale bars: 10 μm in A and C, 5 μm in B and D. 
NP-1: Neutrophil peptide 1; NS: normal saline.
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Figure 7 Toluidine blue images and fiber number, diameter and G-ratio. 
(A, B) Toluidine blue images at 4 and 8 weeks post-surgery. 1, 2, 3: Sham, NS and NP-1 groups, respectively. Blue ring: myelin sheath. At 4 weeks 
post-surgery, a large number of immature myelin sheaths are visible in the NS and NP-1 groups. The number of myelinated nerve fibers and the 
diameter of axons were smaller in the NP-1 and the NS groups compared with those in the sham group at the same time point. Red arrows indicate 
immature myelin sheaths. Scale bar: 50 µm. *P < 0.05, vs. sham group. Data are expressed as the mean ± SD (n = 6; one-way analysis of variance 
followed by the least significant difference post hoc test). NP-1: Neutrophil peptide 1; NS: normal saline.

enhance the quality of nerve regeneration. The nerve con-
duction velocity was better in the NP-1 group than in the NS 
group in all the experimental animals at 4 weeks post-sur-
gery. However, there was no significant difference in nerve 
conduction velocity, number of new myelinated nerve fibers, 
diameter of nerve fibers, thickness of myelin sheath or wet 
weight of muscle between NP-1 and NS groups.

We speculate on the one hand that NP-1 may activate mac-
rophages in the injured sciatic nerve, increase the concen-
tration of some macrophages in the Wallerian degeneration 
area, and then accelerate the clearance of substances that 

hinder peripheral nerve regeneration produced by tissue dis-
integration during Wallerian degeneration, thus speeding up 
peripheral nerve regeneration. On the other hand, based on 
its immunoregulation, NP-1 may play a “trigger role”, which 
shifts the immunological process of Wallerian degeneration 
in a direction conducive to nerve regeneration. However, 
NP-1 cannot directly interact with the peripheral nerve, so 
NP-1 cannot enhance the quality of new nerve fibers. 

In the methodology of this study, the researchers perform-
ing the experiments and the related data analysis were blind 
to the animal grouping. This effectively excluded subjective 
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bias while the experiments were conducted and during anal-
ysis of the data to achieve relatively objective results.

Imitating spinal cord shock therapy after spinal cord in-
jury, NP-1 was given directly to the injured site in a single 
high-dose to play an immunomodulatory role in Wallerian 
degeneration, which is proven to promote the early recovery 
of neurological function after peripheral nerve crushing. It is 
suggested that NP-1, as a kind of mass-produced biological 
preparation (Bai et al., 2013), is a drug with the potential for 
wide application in the treatment of peripheral nerve crush 
injury.

In this study, a method of intraoperative administration 
was modeled because it is easier to implement in the clinic. 
This mode of administration allows NP-1 to regulate only 
in the early period of Wallerian degeneration. Our results 
showed that this kind of NP-1 administration can promote 
early nerve regeneration. However, this study does not reveal 
the mechanism by which NP-1 promotes peripheral nerve 
regeneration. The mode of administration was single admin-
istration, which may result in an insufficient effective dose of 
the drug. However, based on the ability of rodents to recover 
strongly, the observation time of 8 weeks after surgery may 
enable the rats to recover and cover up the effect of the drug, 
resulting in similar long-term effects between the experi-
mental group and the control group.

In summary, NP-1 effectively promoted peripheral nerve 
regeneration, even via a single intraoperative injection. Al-
though this method limits the amount of NP-1 administered, 
it still improved the nerve conduction speed in the first four 
weeks post-surgery. This protective effect might be caused 
by NP-1 altering the Wallerian degeneration environment 
in the early stages of neural regeneration. The mechanism 
by which NP-1 exerts its ability to promote peripheral nerve 
regeneration remains to be further studied in the future. 
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