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Abstract  
Qian-Zheng-San, a traditional Chinese prescription consisting of Typhonii Rhizoma, Bombyx Batryticatus, Scorpio, has been found to 
play an active therapeutic role in central nervous system diseases. However, it is unclear whether Qian-Zheng-San has therapeutic value 
for peripheral nerve injury. Therefore, we used Sprague-Dawley rats to investigate this. A sciatic nerve crush injury model was induced 
by clamping the right sciatic nerve. Subsequently, rats in the treatment group were administered 2 mL Qian-Zheng-San (1.75 g/mL) daily 
as systemic therapy for 1, 2, 4, or 8 weeks. Rats in the control group were not administered Qian-Zheng-San. Rats in sham group did not 
undergo surgery and systemic therapy. Footprint analysis was used to assess nerve motor function. Electrophysiological experiments were 
used to detect nerve conduction function. Immunofluorescence staining was used to assess axon counts and morphological analysis. Im-
munohistochemical staining was used to observe myelin regeneration of the sciatic nerve and the number of motoneurons in the anterior 
horn of the spinal cord. At 2 and 4 weeks postoperatively, the sciatic nerve function index, nerve conduction velocity, the number of dis-
tant regenerated axons and the axon diameter of the sciatic nerve increased in the Qian-Zheng-San treatment group compared with the 
control group. At 2 weeks postoperatively, nerve fiber diameter, myelin thickness, and the number of motor neurons in the lumbar spinal 
cord anterior horn increased in the Qian-Zheng-San treatment group compared with the control group. These results indicate that Qian-
Zheng-San has a positive effect on peripheral nerve regeneration.

Key Words: nerve regeneration; traditional Chinese medicine; crush injury; peripheral nerve regeneration; nerve conduction velocity; sciatic 
function index; nerve injury; nerve repair; formula; scorpion; neural regeneration 
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Graphical Abstract   

Traditional Chinese medicine compound Qian-Zheng-San in the treatment of sciatic nerve injury 

Introduction 
Following peripheral nerve injury, the distal nerve segment 
undergoes Wallerian degeneration, the distal nerve fibers 
gradually disintegrate, and the debris is eventually cleared 
by Schwann cells and macrophages. Being stimulated by the 
damage, local expression of neurotrophic factors increases, 
but is insufficient to effectively induce the regeneration of 

proximal axons or for the recovery of neurological structure 
or function (He et al., 2016). The corresponding neurons 
degenerate or die because of the interruption of axoplasmic 
transport (Wang et al., 2018a). Therefore, to give a drug with 
neuroprotective effect as adjuvant therapy is particularly 
necessary for regeneration after nerve injury. 

Qian-Zheng-San (QZS), a classic formula of traditional 
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Chinese medicine, consisting of Typhonii Rhizoma, Bombyx 
Batryticatus, Scorpio, has been shown to exhibit neuropro-
tective effects in mouse models of Parkinson’s disease, pre-
venting the loss of substantia nigra dopamine neurons, pro-
tecting mitochondrial function, decreasing mtDNA damage 
and synergistically upregulating the mRNA expression of 
NADH dehydrogenase 1 (ND1) (He et al., 2010; Zhang et al., 
2013; Gong et al., 2014). In many kinds of peripheral nerve 
injury models, including nerve crush injury models, neuro-
nal death always follows nerve injuries, hindering nerve re-
generation and functional recovery (West et al., 2007, 2013; 
Catapano et al., 2017). QZS may improve the symptoms of 
facial paralysis when combined with Ginger moxibustion 
(Yang, 2010). QZS also has a significant therapeutic effect 
on prosopalgia. Scorpion, one of the three components of 
QZS, exerts a direct effect on excitable membranes (Adam et 
al., 1966), and influences kinetics of the reaction with sodi-
um channels of nodes of Ranvier (Mozhaeva and Naumov, 
1980). These findings suggest that QZS, or its components, 
may have a positive effect on peripheral nerve regeneration 
after injury. Therefore, in this study QZS was administered 
to a sciatic nerve crush injury model, one of the commonly 
used models of nerve injury (Renno et al., 2015; Yang et al., 
2015), to preliminarily investigate its effects on peripheral 
nerve regeneration after crush injury.

In the past, QZS has been applied to central and cranial 
nerve injury models, but there were no reports of its useful-
ness for spinal nerve injury. QZS was applied to the spinal 
nerve crush injury model in this experiment, aiming to 
broaden its application range and to better understand its 
potential therapeutic role.
 
Materials and Methods
Drug preparation and treatment protocol
The composition of QZS was as follows (with voucher num-
bers): giant typhonium tuber (QZS01-120306) 60 g, stiff silk-
worm (QZS02-120306) 60 g, and Chinese scorpion (QZS03-
120306) 60 g. All medicines were purchased from Tong Ren 
Tang Drugstore in Beijing, China and authenticated by ex-
perts in pharmacognosy. Decoctions were prepared accord-
ing to the classic 1:1:1 ratio (by weight) and mixed well. The 
components were decocted with 10 volumes of distilled wa-
ter for 2 hours, and the supernatant was decanted and saved. 
Subsequently, the same volume of fresh water was used for 
the second decoction for 1 hour, and the two supernatants 
were then combined and mixed, according to the method 
described previously (Wang et al., 2013a, b). Finally, the 
QZS preparation was concentrated to 1.75 g total dry weight 
of the crude component per milliliter of decoction.

According to the standard dosages of the formula in hu-
mans, the equivalent dose for rats, based on body weight, 
was calculated (Wojcikowski, 2014). Starting from the first 
day following surgery, rats treated with QZS were given 2 
mL of QZS solution by oral gavage every day for 1, 2, 4 or 
8 weeks, while animals in the NCI and sham groups were 
given 2 mL of distilled water by oral gavage every day at the 

same time points.

Animals
Eighteen male specific-pathogen-free Sprague-Dawley rats 
weighing 210–230 g and aged two months old (animal li-
cense number: SYXK (Jing) 2016-0041) were used in this 
study. The animals were sourced from Beijing Vital River 
Laboratory Animal Technology Co., Ltd. (Beijing, China) 
and maintained under specific pathogen-free laboratory 
conditions under a 12-hour light/dark cycle, with free access 
to pellet food and water. 

The rats were randomly separated into three groups (n = 6): 
sham group (sham surgery), nerve crush injury (NCI) group 
(nerve crush injury only), and nerve crush injury + QZS 
group (NCI + QZS group, nerve crush injury followed by 
QZS treatment). Every effort was made to minimize animal 
suffering and reduce the number of animals used. All proce-
dures were performed in strict conformity with the National 
Institution of Health Guide for the Care and Use of Labora-
tory Animals (NIH Publication number 85-23, revised 1985) 
and the related ethics regulations of Peking University. The 
study was approved by Animal Ethics Committee of Peking 
University (approval number: LA2017128) on June 1, 2017.

Surgical procedures
Rats in the nerve crush injury model were anesthetized 
using sodium pentobarbital water solution (30 mg/kg, in-
traperitoneally). After anesthesia the skin in the right thigh 
area was sterilized and the right sciatic nerve exposed. At the 
site 10 mm proximal to the main bifurcation for the tibial 
and peroneal nerves, a toothless vessel clamp was used to 
crush the sciatic nerve for 60 seconds (the degree of crush 
was two teeth bitten in the handles), and then the clamping 
site was marked with a 10-0 microscopic suture under asep-
tic conditions (Răducan et al., 2013; Kou et al., 2013; Demir 
et al., 2014; Wang et al., 2014, 2018b). To monitor the crush 
injury, electrophysiological assessments (MedlecSynergy, 
04oc003, Oxford Instrument Inc., Oxford, UK) were con-
ducted. Two pairs of electrodes were used to record com-
pound action potentials, and upon progressive decrease to 0 
mV, induction of the model was considered successful. The 
wound was closed and disinfected with 70% alcohol. Rats in 
the sham group did not experience crush injury, after being 
anesthetized, the nerves were exposed and the incision was 
sutured. All rats were put back into their cages and raised 
with normal food and water. Tissues were harvested and ex-
amined at postoperative 1, 2, 4, or 8 weeks.

Walking track analysis
At 1, 2, 4, and 8 weeks after the procedure, footprint analysis 
was performed as described previously (Zhang et al., 2014). 
A custom-made walking box (12 cm × 50 cm), with one end 
closed, was used. White paper (12 cm × 50 cm) lined the 
bottom of the track. The bilateral hind feet were coated with 
black pigment, then the rat was put at the door of the walk-
ing box. Each rat was then allowed to walk in the box three 
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or four times, and the bilateral footprints were recorded. 
Clear and complete prints were chosen for further analysis. 
Print length (PL), toe spread (TS), and intermediary toe 
spread (IT) were measured. The left foot parameters were re-
corded as normal PL (NPL), normal TS (NTS), and normal 
IT (NIT); the right foot parameters were recorded as exper-
imental PL (EPL), experimental TS (ETS), and experimental 
IT (EIT). A sciatic function index (SFI) was calculated using 
the following formula: SFI = −38.3 ([EPL − NPL]/NPL) + 
109.5 ([ETS − NTS]/NTS) + 13.3 ([EIT−NIT]/NIT) − 8.8.

Electrophysiological examination
An electrophysiological instrument (MedlecSynergy, 
04oc003, Oxford Instrument Inc.) was used to assess sciatic 
nerve electrophysiology eight weeks following surgery. The 
stimulating electrode was successively placed on both sides 
of the injury site. The recording electrode was inserted into 
the triceps surae muscle and the ground electrode inserted 
into the subcutaneous tissue between the two electrodes. 
Rectangular pulses (duration 0.1 ms, 0.9 mA, 10 Hz, six con-
tinual stimuli) were used. Nerve conduction velocity (NCV) 
was calculated semi-automatically by dividing the distance 
between the two stimulating sites by the difference in the 
conduction time.

Wet weight of the triceps surae muscle and muscle 
histological analysis
The total mass of the triceps surae muscle was measured 
after electrophysiological examination. Triceps surae mus-
cles were freed and harvested from both sides of the hind 
legs. Nerves, blood vessels, and the deep fascia covering the 
surface of the muscle were stripped off and discarded. To re-
duce statistical error and ensure objectivity, the triceps surae 
muscles used for analysis included the tendons. Muscles 
were then immediately weighed with a microbalance. The 
recovery rate of muscle wet weight was obtained by the fol-
lowing equation: Recovery rate = wet weight of the operated 
muscle/wet weight of the unoperated muscle.

After being weighed, each triceps surae muscle was then 
put in 4% paraformaldehyde for one week, then individu-
ally rinsed in water, dehydrated through a graded series of 
ethanol washes, immersed in xylene, and embedded in par-
affin. Each muscle segment was sliced into 5-μm-thick cross 
sections, and then stained in hematoxylin-eosin solution. 
Images were acquired under a dissecting microscope (Leica, 
MZ75, Bensheim, Germany), from which the cross sectional 
area of muscle cells was measured using Image-Pro Plus 6.0 
software (Media Cybernetics Inc., Rockville, MD, USA).

Neurohistological analysis
Sciatic nerves were harvested from each rat and the nerve 
segment cut 3 mm distal to the crush site. Each segment was 
then divided into two sections for histological analysis sepa-
rately as follows. 

Axonal staining by immunofluorescence: Each tissue was 
put in 4% paraformaldehyde for 6 hours, incubated in 30% 

sucrose overnight at 4°C, embedded at the optimal cutting 
temperature, frozen at −80°C, and sliced into 15-μm-thick 
cross sections using a frozen slicer (Leica, CM1950). Frozen 
sections were washed in phosphate buffered saline (PBS), 
blocked in goat serum, washed in PBS, incubated with an-
ti-NF-200 antibodies (1:300; Sigma, St. Louis, MO, USA) 
at 37°C for 2 hours, and then incubated with tetramethyl-
rhodamine-conjugated secondary antibodies (1:800; Sigma) 
for 1.5 hours at 37°C. Each section was visualized using a 
microscope, from which regenerated axons were counted 
using ImageJ software v1.47 (NIH, Bethesda, MD, USA).

Myelin staining by osmium tetroxide: Tissues were fixed 
in paraformaldehyde for 12 hours and immersed in water 
for 9 hours. The segments were stained in 1% osmium te-
troxide for 12 hours, dehydrated through a graded ethanol 
series, immersed in xylene and embedded using paraffin, 
and then sliced into 5-μm-thick cross sections using a cryo-
stat (Leica). Images were acquired at 400× magnification 
using a dissecting microscope. The axon and fiber diameters 
were measured using ImageJ software. Myelin thickness and 
g-ratio were calculated as follows: myelin thickness = (fiber 
diameter − axon diameter)/2; g-ratio = axon diameter/fiber 
diameter.

Neuronal staining of spinal ventral horn
Neuronal viability was evaluated using immunohistochem-
istry and the monoclonal antibody NeuN (Abcam, Birming-
ham, UK). Paraffin transversal sections were deparaffinized 
and dehydrated. Antigen retrieval was performed, and en-
dogenous peroxidase was blocked using hydrogen peroxide. 
Histological sections were incubated for 2 hours in a humid 
dark chamber with the primary antibody anti-NeuN (1:200). 
The secondary antibody (1:500; rabbit-derived polyclonal 
antibody; Abcam) was added, and the sections were incu-
bated for 30 minutes. The reactions were developed with 3-3′ 
diaminobenzidine peroxidase (ZSGB, Beijing, China). The 
sections were washed in water, dehydrated, and mounted on 
slides with coverslips. Counting of the neuronal bodies was 
performed using Image-Pro Plus 6.0 software.

Statistical analysis
Statistical analyses were performed using SPSS 13.0 software 
(SPSS, Chicago, IL, USA). All data are expressed as the mean 
± standard deviation (SD). One-way analysis of variance was 
utilized to compare the number of axons and spinal cord 
neurons, axon diameter, fiber diameter, g-ratio, SFI, myelin 
thickness, and NCV in all groups, and the least significant 
difference test was used as a post hoc test for intergroup com-
parisons. Independent sample t-tests were also used to com-
pare the recovery rate of muscle wet weight between the NCI 
and NCI + QZS groups. P < 0.05 was considered significant. 

Results
QZS effect on the recovery of hindlimb motor function 
As shown in Figure 1, SFIs in the NCI and NCI + QZS 
groups were significantly lower than in the sham group 1 
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week after surgery (P < 0.05). SFIs did not significantly differ 
between the NCI and NCI + QZS groups at this time. At 2 
and 4 weeks after surgery, SFIs in the NCI and NCI + QZS 
groups were significantly lower than in the sham group (P < 
0.05), and higher in the NCI + QZS group than in the NCI 
group (P < 0.05). At 8 weeks following surgery, the NCI 
group had significantly lower SFI than the sham group (P 
< 0.05). The values were not different between the NCI and 
NCI + QZS groups. 

QZS effects on electrophysiological parameters of injured 
sciatic nerves 
As shown in Figure 2, 2 and 4 weeks after surgery, NCVs 
were obviously lower in the NCI and NCI + QZS groups 
than in the sham group (P < 0.05), and higher in rats treat-
ed with QZS than in rats without the drug (P < 0.05). At 8 
weeks after surgery, NCVs were significantly lower in the 
NCI and NCI + QZS groups than in the sham group (P < 
0.05), while there was no obvious difference between the two 
nerve crush injury groups.

QZS effect on triceps surae muscle wet mass recovery
As shown in Figure 3, 1, 2, and 4 weeks postoperatively, the 
recovery rates of muscle wet weight did not differ between 
the NCI and NCI + QZS groups. At 8 weeks after surgery, 
the recovery rate of muscle wet weight in the NCI + QZS 
group was heavier than in the NCI group (P < 0.05). In gen-
eral, the recovery rate in the NCI + QZS groups was greater 
than in the NCI group.

As shown in Figure 4, the muscle fibers in the sham group 
remained steady over time, with polygonal morphology, 
while the muscle fibers in the NCI and NCI + QZS groups 
were irregular oval or round. The muscle fiber area in the 
NCI and NCI + QZS groups looked less than in the sham 
group during the same period. The muscle fiber area in the 
NCI + QZS group looked greater than in the NCI group. In 
general, the muscle fiber area in the NCI and NCI + QZS 
groups tended to gradually increase over time.

Effect of QZS on regeneration of sciatic nerve fibers 
As shown in Figure 5A, the axons in the sham group evenly 
distributed at each time point, while the axons in the NCI 
and NCI + QZS groups were not. The density of axons in the 
NCI and NCI + QZS groups appeared less than in the sham 
group during the same period. In general, the density of ax-
ons in each group gradually increased over time.

As shown in Figure 5B, 2 and 4 weeks postoperatively, the 
number of regenerated axons in the sham group was higher 
than in the NCI and NCI + QZS groups (P < 0.05), while the 
number of regenerated axons in the NCI + QZS groups was 
higher than in the NCI group (P < 0.05). At 8 weeks after 
surgery, the numbers of regenerated axons in the NCI and 
NCI + QZS groups were higher than in the sham group (P 
< 0.05), while there was no difference between the NCI and 
NCI + QZS groups. 
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Figure 1 Effect of QZS on the recovery of hindlimb motor function in 
sciatic nerve injury rats. 
A higher SFI means the better funtion of the sciatic nerve. SFIs in the 
NCI and NCI + QZS groups were significantly lower than that in the 
sham group 1 week after surgery. Two and 4 weeks after surgery, SFIs 
in the NCI and NCI + QZS groups were significantly lower than in the 
sham group, and higher in the NCI + QZS group than in the NCI group. 
Eight weeks later, the SFI in the NCI group was significantly lower than 
that in the sham group. *P < 0.05. Data are expressed as the mean ± SD 
(n = 6; one-way analysis of variance followed by the least significant dif-
ference post hoc test). QZS: Qian-Zheng-San; SFI: sciatic function index; 
NCI: nerve cush injury. 

Figure 2 Effect of QZS on electrophysiological parameters of injured 
sciatic nerves in rats.
Two and four weeks after surgery, NCVs were significantly lower in the 
NCI and NCI + QZS groups than in the sham group, and higher in rats 
treated with QZS than in those without the drug. At 8 weeks after sur-
gery, NCVs were significantly lower in the NCI and NCI + QZS groups 
than in the sham group. *P < 0.05. Data are expressed as the mean ± 
SD (n = 6; one-way analysis of variance followed by the least significant 
difference post hoc test). QZS: Qian-Zheng-San; NCV: nerve conduction 
velocity; NCI: nerve cush injury. 
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Figure 3 Effect of QZS on wet mass recovery of triceps surae muscle in 
sciatic nerve injury rats. 
At 8 weeks after surgery, the recovery mass in the NCI + QZS group was 
higher than that in the NCI group. In general, the recovery rate in the 
NCI + QZS group was greater than that in the NCI group. *P < 0.05, vs. 
NCI group. Data are expressed as the mean ± SD (n = 6; independent 
sample t-test). QZS: Qian-Zheng-San; NCI: nerve cush injury. 
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QZS effect on myelin morphology of sciatic nerve injury 
As shown in Figure 6, 4 weeks postoperatively, in the sham 
group there was substantial and evenly distributed myelin, 
with the myelin sheaths appearing regular and uniform. In 
the NCI group, myelin regeneration appeared poor, and the 
distribution was uneven. The myelin sheaths appeared to 
have a relatively small diameter and thickness. In the NCI + 
QZS groups, myelin regeneration was poor, but the myelin 
density seemed higher compared to the NCI group. The my-
elin sheaths had a small diameter and thickness. At 8 weeks 
after surgery, myelin regeneration in the sham group was 
similar to that in the same group 4 weeks after surgery. In 
the NCI and NCI + QZS groups, myelin sheaths appeared 
to have a mature structure. The distribution of the myelin 
sheaths looked uniform, with normal structure. The diame-
ters of the myelin sheaths generally appeared small.

Morphometric measurements were performed for each 
group. As shown in Figure 7A, 2 and 4 weeks after surgery, 
axon diameter was significantly larger in the sham group 
than in the NCI and NCI + QZS groups (P < 0.05), and 
significantly larger in rats treated with QZS than in those 
without treatment (P < 0.05). At 8 weeks after surgery, axon 
diameter was significantly larger in the sham group than in 
the NCI and NCI + QZS groups (P < 0.05). As shown in Fig-
ure 7B, 2 weeks after surgery, the fiber diameter was signifi-
cantly greater in the sham group than in the NCI and NCI + 
QZS groups (P < 0.05), and greater in the NCI + QZS group 
than in the NCI group (P < 0.05). At 4 and 8 weeks after 
surgery, fiber diameter in the sham group was significantly 
greater than in the NCI and NCI + QZS groups (P < 0.01). 
As shown in Figure 7C, 2 and 4 weeks after surgery, g-ratios 
did not differ statistically between any pairwise comparison 
between the three groups. At 8 weeks after surgery, g-ratio 
was significantly higher in the NCI + QZS group than in 
the sham group (P < 0.05). As shown in Figure 7D, 2 weeks 
after surgery, myelin thickness was significantly greater in 
the sham group than in the NCI and NCI + QZS groups 
(P < 0.05), and greater in the NCI + QZS group than in the 
NCI group (P < 0.05). At 4 and 8 weeks after surgery, myelin 
thickness in the sham group was significantly greater than 
that in the NCI and NCI + QZS groups (P < 0.01). 

QZS effect on the number of motoneurons in the anterior 
horn of the lumbar spinal cord 
At 2 weeks after surgery, the number of neurons was greater 
in the sham group than in the NCI and NCI + QZS groups (P 
< 0.05), and greater in the NCI + QZS group than in the NCI 
group (P < 0.05). At 4 weeks after surgery, the number of 
neurons was greater in the sham group than in the NCI and 
NCI + QZS groups (P < 0.05); however, there was no differ-
ence between the NCI and NCI + QZS groups (Figure 8). 

Discussion
This study using nerve crush injury models suggests that 
QZS has a positive effect on recovery from this injury. SFI, 

NCV, the number of regenerated axons, and axon diameter 
were higher in the NCI + QZS group than in the NCI group 
2 and 4 weeks postoperatively. Fiber diameter, myelin thick-
ness, and the number of neurons in the spinal anterior horn 
in the NCI + QZS group were significantly better than in the 
NCI group 2 weeks after surgery. These findings suggest that 
QZS promotes structural and functional recovery of the sci-
atic nerve at early stages after nerve crush injury. At 8 weeks 
postoperatively, the recovery of muscle wet weight was 
higher in the NCI + QZS group than that in the NCI group, 
suggesting that QZS plays a positive role in effecting recov-
ery during late stages of nerve crush injury. Interestingly, 
the number of regenerated axons was greater in the NCI and 
NCI + QZS groups than in the sham group 8 weeks postop-
eratively. It is speculated that the nerve amplification effect, 
i.e., that one axon of a proximal nerve can emit a number of 
newborns during regeneration, growing towards the distal 
end, so there are more fibers in the NCI and NCI + QZS 
groups than in the sham group, may be at play (Jiang et al., 
2006, 2007; Zhang et al., 2009, 2011; Wang et al., 2013a,b, 
2013). However, nerve function in the NCI and NCI + QZS 
groups was inferior to those in the sham group, indicating 
that not all of these new fibers are able to work; redundant 
nerve fibers will likely degrade and the number of fibers will 
reduce to a normal (or lower) level. 

The mechanisms underlying the therapeutic actions of 
QZS are likely complex. QZS regulates the mitoKATP chan-
nel to achieve the function of neuron protection through 
antagonizing the upregulation of SUR1 (Gong et al., 2014). 
Immune factors and immune cells show a positive effect 
on nerve regeneration. Typhonii Rhizoma, one ingredient 
of QZS, stimulates mouse spleen cells and human lympho-
cytes, and then regulates immunological function (Shan 
et al., 2001). This may be one of the mechanisms by which 
QZS promotes nerve regeneration. After peripheral nerve 
injury, myelin undergoes degeneration and necrosis, and the 
relevant debris needs to be cleared in time to facilitate fiber 
regeneration. The lymphocytes activated by Typhonii Rhizo-
ma will remove the debris, acting synergistically with macro-
phages and thereby accelerating nerve regeneration. Scorpio, 
another component of QZS, contains a type of polypeptide 
toxin, scorpion venom component III, which protects do-
paminergic neurons of the SN pars compacta region of 
midbrain. In this study, QZS may also protect the associated 
neurons of the lumbar spinal cord given the finding that the 
number of neurons in the NCI + QZS group was higher than 
in the NCI group 2 weeks after surgery. The mechanisms by 
which QZS promotes nerve regeneration may be multifac-
eted. In future research, the chemical constituents of QZS 
should be isolated and investigated individually.

In this study, QZS had a positive effect on peripheral nerve 
regeneration, improved structural and functional recovery 
to a certain extent, and protected the associated neurons 
from death. This suggests that its application can be extend-
ed to peripheral nerve injury.
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In the past several years, many studies have focused on the 
administration of neurotrophic factors to the injured nerve 
(Hu et al., 2009; Gordon, 2010; Wood et al., 2010; Allen et 
al., 2013; Huang et al., 2013; Shakhbazau et al., 2013; Sac-
chetti and Lambiase, 2017; Zhang et al., 2017). For example, 
nerve growth factor has positive effects on neural survival, 
development and function (Huang and Reichardt, 2001; Sun 

Figure 6 Effect of QZS on myelin 
morphology of sciatic nerve in injured rats 
(osmium tetroxide staining). 
At 4 weeks postoperatively, in the sham group 
there is substantial and evenly distributed my-
elin, and the myelin sheaths appear regular and 
uniform. In the NCI group, myelin regenera-
tion appears poor, and the myelin sheaths have 
relatively small diameters and thickness. In the 
NCI + QZS group, myelin regeneration appears 
poor, but myelin density is greater compared 
to the NCI group. At 8 weeks after surgery, 
myelin regeneration in the sham group showed 
good regeneration. In the NCI and NCI + QZS 
groups, the myelin sheaths appear to have a 
mature structure. The distribution of the myelin 
sheaths looks uniform, with normal structures. 
The diameters of myelin sheaths generally ap-
pear small. Original magnification, 400×; Scale 
bar: 50 μm; red arrow indicates myelin. QZS: 
Qian-Zheng-San. 
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Figure 5 Effect of QZS on regeneration of sciatic nerve fibers in 
injured rats. 
(A) Morphology of nerve axons: Immunofluorescence staining of neu-
rofilament-200; original magnification, 200×; scale bars: 100 μm; red 
tissue indicates fluorescence coloration of tetramethylrhodamine-con-
jugated secondary antibodies. Black area indicates background. White 
arrow indicates positive cells. (B) Count of regenerated nerve axons: 2 
and 4 weeks postoperatively, the number of regenerated axons in the 
sham group was greater than in the NCI and NCI + QZS groups, while 
the number of regenerated axons in the NCI + QZS group was greater 
than in the NCI group. At 8 weeks after surgery, the numbers of re-
generated axons in the NCI and NCI + QZS groups were greater than 
those in the sham group. *P < 0.05. Data are expressed as the mean ± 
SD (n = 6; one-way analysis of variance followed by the least significant 
difference post hoc test). QZS: Qian-Zheng-San. 

Figure 4 Effect of QZS on the morphology of triceps surae muscle in  
sciatic nerve injury rats (hematoxylin-eosin staining). 
At each time point, the muscle fibers in the sham group are similar, 
with polygonal morphology, while the muscle fibers in the NCI and 
NCI + QZS groups are irregular ovals or round. The areas of muscle 
fibers in the NCI and NCI + QZS groups appear less than in the sham 
group at the same timepoint. The area of the muscle fibers in the NCI 
+ QZS group appears to be greater than in the NCI group. In general, 
the muscle fibers area in the NCI and NCI + QZS groups gradually in-
creased with time. Original magnification, 400×; scale bar: 50 μm. QZS: 
Qian-Zheng-San. 
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Figure 7 Effect of QZS on morphological parameters of sciatic nerves in injured rats. 
(A) Axon diameter: 2 and 4 weeks after surgery, axon diameters were significantly greater in the sham group than in the NCI and NCI + QZS 
groups, and greater in rats treated with QZS than in rats without treatment. At 8 weeks after surgery, the axon diameter was significantly greater in 
the sham group than in the NCI and NCI + QZS groups. (B) Fiber diameter: 2 weeks after surgery, fiber diameter was significantly greater in the 
sham group than in the NCI and NCI + QZS groups, and larger in the NCI + QZS group than in the NCI group. At 4 and 8 weeks after surgery, the 
fiber diameter in the sham group was significantly greater than in the NCI and NCI + QZS groups. (C) g-ratio: 8 weeks after surgery, the g-ratio in 
the NCI + QZS group was significantly greater than in the sham group. (D) Myelin thickness: Two weeks after surgery, myelin thickness was sig-
nificantly greater in the sham group than that in the NCI and NCI + QZS groups, and greater in the NCI + QZS group than in the NCI group. At 4 
and 8 weeks after surgery, the myelin thickness in the sham group was significantly greater than in the NCI and NCI + QZS groups. *P < 0.05. Data 
are expressed as the mean ± SD (n = 6; one-way analysis of variance followed by the least significant difference post hoc test). QZS: Qian-Zheng-San.

Figure 8 Effect of QZS on the number of motoneurons in the anterior horn of lumbar spinal cord in sciatic nerve injury rats. 
(A) Histomorphology of neurons in spinal anterior horn. Immunohistochemical staining; Original magnification, 400×; Scale bar: 50 μm. (B) 
Count of spinal anterior horn neurons. At 2 weeks after surgery, the number of neurons was greater in the sham group than in the NCI and NCI + 
QZS groups, and greater in the NCI + QZS group than in the NCI group. At 4 weeks after surgery, the number of neurons was greater in the sham 
group than in the NCI and NCI + QZS groups. *P < 0.05. Data are expressed as the mean ± SD (n = 6; one-way analysis of variance followed by the 
least significant difference post hoc test). QZS: Qian-Zheng-San.
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et al., 2009; Chen et al., 2010). However, nerve growth factor 
also has some inevitable shortcomings and degrades rapidly 
in solution, because its half-life period is short it is difficult 
to maintain at local sites (Tria et al., 1994; Tsai et al., 2003), 
and systemic application can cause hyperalgesia (Lewin et 
al., 1994). Thus, traditional Chinese medicine, such as QZS, 
may be used as a substitute because it contains multiple ac-
tive ingredients which might avoid or weaken the disadvan-
tages mentioned above. 

It is noteworthy that the nerve function in the NCI + QZS 
group was inferior to that in the sham group. The reason 
may be that the concentration of the drug solution is small, 
or that systemic treatment by oral gavage makes it impossi-
ble for the drug to concentrate at the injury site. To further 
improve nerve regeneration, concentration of the drug solu-
tion, microspheres used for controlled targeting and release 
(Yu et al., 2009; Wood et al., 2013; Zeng et al., 2014; Roam et 
al., 2015; Li et al., 2016; Ni et al., 2016; Zhuang et al., 2016; Si 
et al., 2017), and local injection will be investigated in future 
experiments.

QZS, as a traditional Chinese medicine formulation, 
inevitably has some limitations. Traditional Chinese medi-
cines, such as QZS, contain many ingredients, and the active 
ingredients that promote nerve regeneration are unclear. 
These need to be identified, isolated and recombined in 
future studies to explore the synergistic effects of effective 
compounds. 

In this study, the nerve crush model was used. Crush 
injury is partial damage, in which the nerve recovery cycle 
is shorter. In this model, endoneurial tubes remain intact, 
ensuring that proximal axons grow distally along these con-
duits. Consequently, nerve regeneration following crush 
injury is superior to that after injury in which endoneurial 
tubes are transected. At 8 weeks postoperatively, regenera-
tion of sciatic nerves had been almost completed in the NCI 
and NCI + QZS groups, and most of the test results in the 
NCI and NCI + QZS groups were not statistically different. 

The results of this study indicate potential clinical appli-
cation prospects in nerve injury induced by traffic trauma, 
mechanical trauma and other external damage, which needs 
further experimental research to verify.
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