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Abstract
Schwann cell and nerve conduit are crucial for nerve regeneration and re-myelination after

peripheral nerves injury. To investigate the effects of Salidroside on autogenous epimysium

conduit mixed with BD matrigel and RSC96 Schwann cells on an animal model with 5mm

sciatic nerve defect injury in rat, motor function, muscle reinnervation, immunohistochem-

ical staining, retrograded tracing and Western blot were used in this study. The results

showed that Salidroside enhanced the compound effects of epimysium conduit mixed

with BD matrigel and RSC96 Schwann cells to improve the sciatic functional index and

the gastrocnemius muscle weight ratio, which were better than EPM group at 8weeks and

12weeks post operation. Immunofluorescence and Western blot results of P75NTR showed

that Salidroside improved the sciatic nerve regeneration, and retrograded tracing of CTB-

Alexa 488 also supported that Salidroside was better to promote CTB tracer transporting

from the distal nerve defect to the ipsilateral dorsal root ganglion and ventral horn of L3-L5

spinal cord on post-operation 8weeks and 12weeks. Our results demonstrated that

Salidroside improved the effect of autogenous epimysium conduit mixed with BD matrigel

and RSC96 Schwann cells on sciatic nerve regeneration in our study.
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Introduction

Peripheral nerve injury has a high incidence, and is often
caused by trauma, resulting in widespread disability and
substantial costs to society.1 Peripheral nerve defect may
lead to injury gap and disruption of myelin sheaths

and axons. Although nerve autografts are often used to
repair peripheral nerve, there also exist a low functional
recovery rate and permanent denervation at the donor
site, peripheral nerve tissue engineering is therefore seen
as a perspective strategy for creating a better environment
for the regeneration of the damaged nerve.2

Impact statement
Peripheral nerve injury and regeneration

remain a major challenge. Although nerve

conduit and Schwann cells have been used

to study the nerve regeneration, our results

demonstrated that Salidroside improved

the regenerative effect in a rat model with

sciatic nerve injury model, following a

combined application of autogenous epi-

mysium conduit mixed with Schwann cells.

Different concentrations of Salidroside

combining autogenous epimysium conduit

and Schwann cells were applied to com-

pare the epimysium conduit group and the

epimysium conduit combining Schwann

cells group. Based on the results of motor

function and muscle reinnervation evalua-

tion, as well as neuronal tracing and

expression of P75NTR, our study for the first

time suggests that Salidroside may

improve the regeneration effect on the

sciatic nerve following a combined appli-

cation of epimysium conduit and RSC96

Schwann cells in rats.
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Peripheral nerve tissue engineering involves nerve
guide conduit, Schwann-like cells or Schwann cells (SCs)
as seeding cells, and a suitable three-dimensional microen-
vironment produced by bioactive molecules to promote
nerve regeneration to bridge the nerve gap.3–5 The nerve
conduit provides a good regeneration chamber for the
peripheral nerve injury to repair, and essential neurotro-
phic factors and regeneration factors in the nerve conduit
also promote nerve regeneration.6 SCs or Schwann-like
cells are the primary seeding cells similar to epithelial
cells, are dedifferentiated and proliferated to promote
peripheral nerve regeneration.3 BD matrigel is a kind of
solubilized basement membrane, effective in attaching
and differentiating normal and transformed anchorage-
dependent epithelioid and other cell types, supporting
dimensional culture of Schwann cells in vivo for peripheral
nerve regeneration.7,8

Salidroside is a glucoside of tyrosol, derived from the
plant Rhodiola rosea. Several reports demonstrated that
salidroside exhibits neurotrophic and neuroprotective
activities by regulating the response of oxidative stress,
inflammation, apoptosis, and neural regeneration.9

Previous studies reported that Salidroside significantly
promote SCs survival and proliferation,10 and it also can
attenuate colistin-induced neurotoxicity in RSC96
Schwann cells.11

However, there is no previous study focused on the
effects of combinations of Salidroside, epimysium conduit,
and Schwann cells in nerve regeneration. In this study, the
effect of Salidroside combined with autogenous epimysium
conduit and RSC96 Schwann cells was investigated on the
regeneration of sciatic nerve defect model of rat.

Materials and methods

Experimental animals and groups

Male SD rats (150� 20 g) were housed in a temperature-
and humidity-controlled room at the Fujian Medical
University Laboratory Animal Center on a 12 h–12-h
light/dark cycle, and given ad libitum food and water.
Room temperature was between 22 and 25�C.

All the animals were randomly assigned into five
groups. (1) EPM group, in which rats with 5mm sciatic
nerve defect only received autogenous epimysium conduit
bridging both stumps of the nerve defect; (2) EPMþRSC96
group, in which rats with 5mm sciatic nerve defect were
treated with autogenous epimysium conduit filled with
matrigel and RSC96 Schwann cells to bridge both stumps
of the nerve defect; (3) 0.1mM Salidroside mixture group,
in which rats with 5mm sciatic nerve defect were treated
with autogenous epimysium conduit filled with matrigel,
RSC96 Schwann cells, and 0.1mM Salidroside mixture to
bridge both stumps of the nerve defect. (4) 0.2mM
Salidroside mixture group, in which rats with 5mm sciatic
nerve defect were treated with autogenous epimysium con-
duit filled with matrigel, RSC96 Schwann cells, and 0.2mM
Salidroside mixture to bridge both stumps of the nerve
defect. (5) 0.4mM Salidroside mixture group, in which
rats with 5mm sciatic nerve defect were treated with

autogenous epimysium conduit filled with matrigel,
RSC96 Schwann cells, and 0.4mM Salidroside mixture to
bridge both stumps of the nerve defect. Salidroside
(Aladdin, Shanghai, China) was dissolved by the culture
medium ranging from 0.1mM to 0.4mM before use in
this study.

In the current study, the Salidroside mixture with RSC96
Schwann cells and autogenous epimysium conduit was
used to demonstrate the regenerative effect after 5mm sci-
atic nerve defect injury in rats. In order to eliminate the
complicated physiological function of gonadal hormone
in this study, we only used male rats as experimental
animal like most of the other published articles. All the
experimental procedures were approved by the research
ethics committee of Fujian Medical University and abided
by the guidelines of Fujian Medical University Institutional
Animal Care and Use Committee. The number and suffer-
ing of animals used have been minimized.

Autologous epimysium conduit preparation

The method of epimysium conduit preparation was as
described previously.12 All the operations were performed
by using a surgical microscope (WPI, USA). Rats were anes-
thetized intraperitoneally with pentobarbital (50mg/kg),
and a U-shaped surgical incision was made on the inguinal
region beside the midline to expose the right external obli-
que to obtain a 10mm� 6mm epimysium slice. Then four
corners of the epimysium slice were fixed with 6–0 nylon
sutures and temporarily stored in the low temperature
normal saline solution for subsequent epimysium conduit
preparation (Figure 1). The incision was sutured by 5–0
surgical sutures.

Animal surgery of sciatic nerve injury animal model

After the autologous epimysium slice preparation and the
rat was still under anesthesia, then another surgical incision
in the right hind limb dorsal skin was made; subsequently,
the sciatic nerve was exposed by bluntly separating the skin
and hip muscle (Figure 1). The prepared autologous epi-
mysium slice was took out from the normal saline solution
to wrap the sciatic nerve longitudinally, and then two ter-
minals of the epimysium slice were fixed to the proximal
and distal perineural tissue of the sciatic nerve, respective-
ly. The sciatic nerve with 5-mm long defect between the two
terminals of the epimysium was excised, then the bilateral
edges of epimysium was carefully sutured together to form
an autologous epimysium conduit to bridge both stumps of
the nerve defect.

According to different treatments in five groups, BD
matrigel (BD Biosciences, MA, USA), 1� 108 cells/mL
RSC96 Schwann cells (Cell Bank of Typical Culture
Preservation Committee of Chinese Academy of Science,
Shanghai, China) or Salidroside (Aladdin, shanghai,
China) with different concentrations (0.1mM, 0.2mM, or
0.4mM) mixtures were injected into the epimysium con-
duit by 26-gauge syringe, respectively. The epimysium con-
duit was closed by 6–0 sutures carefully without leakage;
5–0 sutures were used to close surgical incisions at last.
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Motor function testing by sciatic functional index

The rat walking track was recorded to evaluate the motor
function of hind limbs by sciatic functional index (SFI) at
8weeks and 12weeks post-operation, as previously
described.13 Briefly, the print length from the heel to the
3rd toe of experimental and the normal sides (EPL, NPL),
the toe spread between the 1st toe and 5th toe of experi-
mental and normal sides (ETS, NTS), while the intermedi-
ate toe spread between the 2nd toe and 4th toe of
experimental and the normal sides (EIT, NIT) were mea-
sured in different groups during walking. The SFI value can
be calculated by the following formula

SFI5 109.5(ETS-NTS)/NTS-38.3(EPL-NPL)/NPL1 13.3
(EIT-NIT)/NIT-8.8

The SFI value of �100 indicates total impairment, while
the value of 0 indicates normal function.

Ratios of the gastrocnemius muscle weight

The gastrocnemius muscles were resected in hind limbs
soon after the rats were sacrificed at 8weeks and
12weeks post-operation, then weighed by an electronic bal-
ance (Sartorius, Germany). The ratio of gastrocnemius
muscle weight was calculated from the experimental limb
to the control limb.

Retrograde tracing of the sciatic nerve with
CTB-Alexa 488

At 8weeks and 12weeks post-operation, the sciatic nerve
segment with epimysium conduit of different groups

(n¼ 4) was exposed after intraperitoneally pentobarbital
(50mg/kg) anesthesia, and 1lL 0.5% Alexa Fluor 488-con-
jugated cholera toxin subunit B solution (CTB-Alexa 488,
Invitrogen, Thermo Fisher, USA) was injected into the
distal stump outside of the epimysium conduit with a
microsyringe. The rats were sacrificed after 72 h, and trans-
cardially perfused by 4% paraformaldehyde in 0.2M PBS.
The segments of sciatic nerve containing epimysium con-
duit, dorsal root ganglion, and L3–L5 segment of spinal
cord were quickly removed, then cryoprotected in 30%
(W/V) sucrose solutions for 48 h at 4�C.

Segments were sectioned at 10 lm thickness with a cryo-
stat microtome (Leica CM1950, Germany), then washed
with 0.01M PBS and DAPI nuclear staining. As the sections
combined with CTB-Alexa 488, they were cover slipped
with Fluoromount-G and observed under fluorescence
microscope.

Immunohistochemical staining

Each group of rats (n¼ 5), at either 8weeks or 12weeks
post-operation, were anaesthetized with pentobarbital
(200mg/kg) and transcardially perfused with 0.01M
phosphate-buffered saline, followed by 4% paraformalde-
hyde phosphate buffer (pH 7.4). The segment of sciatic
nerve including the epimysium conduit was obtained and
then cryoprotected in 0.1M phosphate buffer containing
30% sucrose (W/V) at 4�C overnight. Longitudinal sections
of the sciatic nerve were serially cut at 10 lm thickness
using cryostat microtome (Leica CM1950, Germany).

Figure 1. Diagram of animal surgery for sciatic nerve injury model and gross observation of regenerative sciatic nerve. An autologous epimysium conduit was

performed to bridge both stumps of the nerve defect. BD matrigel, Schwann cells, and Salidroside (SAL) mixture were injected inside the epimysium conduit during

operation (top left). The epimysium slice were obtain from the right external oblique and fixed with 6–0 nylon sutures for subsequent epimysium conduit preparation

(top right). In post-operation 8weeks, poor bridge of the stumps was observed in the sham group (a), while the sciatic nerve injury in other groups was completely

connected together by regenerative tissue (b–e); in post-operation 12weeks (f–j), the regenerative nerves of all the groups were relatively coarser than before, and the

0.2mM Salidroside mixture group (i) and 0.4mM Salidroside mixture group (j) were better regenerative. Arrowhead showed the epimysium conduit bridge the sciatic

nerve injury, and below was the representative segment of regeneration sciatic nerve tissue. (A color version of this figure is available in the online journal.)
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Sections were preincubated in 3% bovine serum albumin
for 30min, followed by incubating primary antibodies:
mouse monoclonal antibody against p75 (1:200, Abcam,
MA, USA), rabbit anti-IBA1 (1:200, WAKO, Tokyo, Japan),
rabbit anti-Ki67 monoclonal antibody (1:200, Abcam, MA,
USA), mouse anti-neurofilament monoclonal antibody
(1:50, Abcam, MA, USA), rabbit anti-MBP monoclonal anti-
body (1:1000, CST, MA, USA) at room temperature over-
night, and then continuously incubated at 4�C for 48 h. The
sections were further incubated with the following second-
ary antibodies at 4�C overnight: goat anti-rabbit 488 (1:500,
Invitrogen, CA, USA) and biotinylated donkey anti-mouse
IgG (1:200; Vector, CA, USA). Finally, the sections
were incubated with Cy3-avidin (1:1500, Jackson
ImmunoResearch, PA, USA) at room temperature for 4 h,
and DAPI (1:1000, Invitrogen, CA, USA) stained nuclei,
respectively.

Western blot

Total proteins were extracted from the segment of sciatic
nerve tissues within the epimysium conduit at 8weeks and
12weeks post-operation, then the proteins were transfer
onto a polyvinylidene fluoride (PVDF) membrane
(Millipore, MA, USA), and followed by blocking with 5%
(w/v) nonfat milk. After that, the PVDF membranes were
incubated overnight at 4�C with the following antibodies:
Rabbit anti-P75NTR (1:1000, Millipore, MA, USA), mouse
anti-b-actin (1:1000, TransGen, Beijing, China). Following
washing, the membranes were incubated with secondary
antibodies using goat anti-rabbit IgG (HþL)-HRP (1:5000,
Bioworld, OH, USA) or goat anti-mouse IgG-HRP
(1:100,000, EarthOX, CA, USA) at room temperature for
2 h. Finally, Immobilon Western Chemiluminescent reagent
(Merck Millipore P90720) was used to detect the bands.

Statistical analysis

All data were presented as the mean� SEM. The quantifi-
cation of CTB-488-positive neurons and Iba-1-positive mac-
rophage/microglial cells in five sections was performed
under the microscopic fields. The bands intensity signal
of Western blot was quantified with Image J software (ver-
sion 1.8.0, National Institutes of Health). The results were
analyzed by two-way ANOVA followed by the Sidak’s
multiple comparisons test, time point and groups were
the variables used as factors in the two-way ANOVA.
P< 0.05 was considered statistically significant.

Results

Gross observation of regenerative sciatic nerve

After the regenerative sciatic nerves were harvested at
8weeks and 12weeks post-operation, the sciatic nerves
were observed in macroscopic observations. Poor bridging
of the sciatic nerve defect was observed in the EPM group
at 8weeks post-operation (Figure 1(a)), while other groups
were completely connected together by regenerative tissue
(Figure 1(b) to (e)). At 12weeks post-operation, the regen-
erative sciatic nerves of all the groups were relatively

coarser than before (Figure 1(f) to (j)), especially the
0.2mM and 0.4mM Salidroside mixture groups, which
recovered better, being observed to be more engorged
and in relatively good condition.

Walking track assessment by SFI

The SFI values are shown in Table 1. Except for the EPM
group, the SFI in all the other groups progressively
improved with different degrees from 8weeks to
12weeks post-operation. At 8weeks post-operation, the
0.4mM Salidroside mixture group showed a relatively
better recovery compared to other groups (P< 0.001).
At 12weeks post-operation, no significant recovery in the
EPM group was observed, while the other groups recov-
ered better than before, especially the 0.4mM Salidroside
mixture group, which showed the best effect of promoted
motor function recovery (P< 0.001).

Wet weight analysis of gastrocnemius muscle

The gastrocnemius muscles from both hind limbs were har-
vested and immediately weighed at 8weeks and 12weeks
post-operation to calculate the ratios of gastrocnemius
muscle for trophism analysis is shown in Table 2.
Compared to the EPM group and EPMþRSC96 group,
the ratios of gastrocnemius muscle in the Salidroside mix-
ture groups obviously improved, especially the 0.4mM
Salidroside mixture group at 8weeks post-operation and
the 0.1mM Salidroside mixture group at 12weeks post-
operation (P< 0.001).

Retrograde tracer results of sciatic nerve

CTB-Alexa 488 (green) injection into the right sciatic nerve
in the distal epimysium conduit retrograde transported to
produce ipsilateral labeling of dorsal root ganglion
(Figure 2) and ventral horn of L3-L5 spinal cord
(Figure 3) at 8weeks and 12weeks post-operation.

In the ipsilateral dorsal root ganglion of L3-L5, there was
no obvious CTB-Alexa 488-labeled neuron in different
groups at 8weeks post-operation (Figure 2(a) to (e)),
while some of them were observed at 12weeks post-
operation (Figure 2(f) to (j)). The CTB-Alexa 488-labeled

Table 1. Evaluations for sciatic nerve regeneration by sciatic functional

index.

Groups

SFI SFI

Post-operation

8 weeks M�SD

(n55)

Post-operation

12 weeks M�SD

(n55)

EPM �98.709� 6.444 �101.201� 10.878

EPMþRSC96 �63.155� 5.904a �55.410� 3.468a

0.1 mM Salidroside �75.805� 4.594 �54.625� 4.557a

0.2 mM Salidroside �65.814� 5.809a �61.723� 4.321a

0.4 mM Salidroside �57.562� 6.662a �32.806� 2.834a,d

M: mean; SD: standard deviation; SFI: sciatic functional index.
aStatistically significant vs. EPM group, P< 0.05.
bStatistically significant vs. EPMþRSC96 group, P< 0.05.
cStatistically significant vs. 0.1mM salidroside group, P< 0.05.
dStatistically significant vs. 0.2mM salidroside group, P< 0.05.
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neurons in the Salidroside mixture groups (Figure 2(h)
to (j)) were relatively more than the EPM group and
EPMþRSC96 group (Figure 2(f) to (g)), especially in
the 0.4mM Salidroside mixture group (Figure 2(j)).

In the ventral horn of L3-L5 spinal cord at 8weeks post-
operation (Figure 3), there was no obvious CTB-Alexa 488-
labeled neurons in the EPM group and EPMþRSC96 group
(Figure 3(a) and (b)), while there were a few CTB-Alexa 488
labeled-neurons in the Salidrosidemixture groups (Figure 3
(c) and (d)). At 12weeks post-operation, the CTB-Alexa
488-labeled neurons were observed in all groups (Figure 3

(f) to (j)), and the 0.2mM and 0.4mM Salidroside mixture
groups showed more than other groups (Figure 3(i) to (j)).

Immunofluorescence staining in the sciatic nerve

At 8weeks post-operation, as shown in Figure 4, the regen-
erative nerve tissues were arranged in a disordered way in
the EPM group (Figure 4(a)), and the expression of P75NTR

was relatively weak, but no Iba-1 immunoreactivity was
observed; although the regenerative nerve tissues were
still randomly arranged in the EPMþRSC96 group
(Figure 4(b)), the expressions of P75NTR and Iba-1 slightly
increased over the EPM group. In the Salidroside mixture
groups (Figure 4(c) to (e)), the expressions of P75NTR were
relatively higher than in the EPM group, and the expres-
sions of P75NTR and Iba-1 in the 0.1mM Salidroside mixture
group (Figure 4(c)) were more obvious than others, but the
arrangement of the regenerative nerve tissues in the 0.4mM
Salidroside mixture group (Figure 4(e)) seemed to be more
orderly than in any other group.

At 12weeks post-operation, the expressions of P75NTR

and Iba-1 in the EPM group and EPMþRSC96 group
were still relatively low (Figure 4(f) to (g)), but the regen-
erative nerve tissues were improved, although they were
still randomly arranged. The expressions of P75NTR in the
Salidroside mixture groups (Figure 4(h) to (j)) were higher
than those at 8weeks post-operation, and there was only a
small expression of Iba-1. Most of the regenerative nerve

Table 2. Ratios of the gastrocnemius muscle weight.

Groups

Ratios Ratios

Post-operation

8 weeks M�SD

(n55)

Post-operation

12 weeks M�SD

(n55)

EPM 0.226� 0.036 0.319� 0.076

EPMþRSC96 0.433� 0.054a 0.533� 0.014a

0.1 mM Salidroside 0.501� 0.027a,b 0.631� 0.017a,b

0.2 mM Salidroside 0.485� 0.034a 0.603� 0.008a

0.4 mM Salidroside 0.569� 0.016a,b 0.606� 0.034a

M: mean; SD: standard deviation.
aStatistically significant vs. EPM group, P< 0.05.
bStatistically significant vs. EPMþRSC96 group, P< 0.05.
cStatistically significant vs. 0.1mM Salidroside group, P< 0.05.
dStatistically significant vs. 0.2mM Salidroside group, P< 0.05.

Figure 2. Retrograde labeling of CTB-Alexa 488 (green) in the dorsal root ganglion. In post-operation 8weeks, no obvious CTB-Alexa 488-positive granules in the

sham group were observed (a), while other groups (b–e) were only relatively obvious than the sham group; In post-operation 12weeks, the CTB-Alexa 488-positive

granules in the different groups increased than post-operation 8weeks, and the CTB-Alexa 488-positive granules in the Salidroside (SAL) mixture groups (h–j) were

relatively more than the sham group and BDSC group (f–g), especially the 0.4mM Salidroside mixture group (j). White arrow showed the CTB-Alexa 488-labeled

neuron. Histogram showed the count of CTB-Alexa 488-labeled neurons in the dorsal root ganglion. n¼ 4; Bar¼ 75 lm. (Enlarged view bar¼ 30 lm) ****P< 0.0001.

(A color version of this figure is available in the online journal.)
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tissues were relatively neatly arranged, especially in the
0.4mM Salidroside mixture group (Figure 4(j)).

According to the results of proliferation marker Ki67
staining in the regenerative sciatic nerve tissues,
Ki67-positive cells were observed in all groups at post-
operation 8weeks and 12weeks, but there were more
obvious in the Salidroside mixture groups with different
concentrations than EPM group and EPMþRSC96 group
(Figure 4(k) to (t)).

To better describe the arrangement of regenerative nerve
tissue, the immunofluorescence staining of neurofilament
and MBP was also performed in the study. At 8weeks post-
operation, the neurofilament and MBP-positive regenera-
tive tissues longitudinally distributed along the sciatic
nerve, and their expression in 0.4mM Salidroside mixture
group was more obvious than other groups, while the EPM
group showed fainter expression (Figure 5(a) to (e)). At
12weeks post-operation, the regenerative nerve tissues in
all groups (Figure 5(f) to (j)) seemed to be arranged rela-
tively regular and more intensive than those at 8weeks
post-operation, especially the neurofilament in 0.4mM
Salidroside mixture group was observed more expression
than others and better alignment (Figure 5).

The Western blot results of P75NTR

As shown in Figure 1, the regenerative nerve tissues were
not fully bridged with the nerve defect at 8weeks post-
operation in the EPM group, so the total protein extracted
from the nerve tissues was relatively less, and as a result the

expression of P75NTR in the EPM group was not obvious,
while all the other groups were higher than the EPM group
(Figure 6(a)). The P75NTR expressed the most in the
EPMþRSC96 group (P< 0.01), and it gradually decreased
in the 0.1mM, 0.2mM, and 0.4mM Salidroside mixture
groups. There were no significant differences in the expres-
sion of P75NTR in all the groups at 12weeks post-operation
(P> 0.05) (Figure 6 (b)).

Discussion

Previous studies have shown that after nerve injury, the
proliferation of Schwann cells surrounding the axon
forms a myelin sheath to promote axon regeneration.14,15

After peripheral nerve injury, the resting Schwann cells are
activated to produce chemokine to attract phagocytes to
clear the myelin sheath and axon fragments, and extend
along the basal layer in the Bungner zone, providing a scaf-
fold for the growth of new axons.16 Schwann cells also
released various neurotrophic factors and extracellular
matrix components provide nutrients for nerve cell surviv-
al and axon growth and material support. BDMatrigel pro-
vided a mimetic structure and physical properties of
basement membrane to benefit the culture and differentia-
tion of Schwann cells in the epimysium conduit in vitro,
which may improve the regeneration of nerve injury by
Schwann cells in the nerve conduit.12,17 Nerve conduit
and BDMatrigel may control cell behavior, cell attachment,

Figure 3. Retrograde labeling of CTB-Alexa 488 (green) in the anterior horn of L3–L5 spinal cord. In post-operation 8weeks, CTB-labeled neurons were absent in the

right ventral horn in sham group and BDSC group (a–b), but only a few CTB-labeled neurons were observed in the Salidroside (SAL) mixture groups (c–e). In post-

operation 12weeks, CTB-labeled neurons presented in all the groups (f–j), and the 0.4mM Salidroside mixture group (j) was relatively more than other groups. White

arrow showed the CTB-Alexa 488-labeled neuron. Histogram showed the count of CTB-Alexa 488-labeled neurons in the anterior horn of L3–L5. n¼ 4; Bar¼ 75 lm.

(Enlarged view bar¼ 30 lm) ***P< 0.001. (A color version of this figure is available in the online journal.)
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and proliferation, which also contribute to axons sprouting,
cells migration, and bridge the nerve gap.

In this study, Salidroside administration to the autoge-
nous epimysium conduit with RSC96 Schwann cells gener-
ally improved the regenerative nerve tissue and functional
recovery in the rat sciatic nerve. The motor function of hind
limb evaluated by SFI was significantly recovered in the
0.4mM Salidroside mixture group, while the ratio of gas-
trocnemius muscle in the 0.1mM Salidroside mixture
group was better than other groups. A small number of
CTB-Alexa 488-labeled neurons were observed in the ipsi-
lateral dorsal root ganglion and ventral horn of the spinal

cord in the groups with Schwann cell and Salidroside
administration, which also supported the functional con-
nections of the sciatic nerve defect.

Salidroside, as one of the active components of Rhodiola
rosea L, has been reported to have neuroprotective
effects.18–20 A previous study showed that Salidroside
may induce Schwann cell proliferation by significantly
up-regulating the expression of neurotrophic factors
BDNF and GDNF to contribute to functional recovery in
the rat model of sciatic nerve injury.18 As a low affinity
receptor of BDNF, P75NTR binds to BDNF to form a neuro-
trophic factor receptor complex and participates in the

Figure 4. Immunofluorescence staining of P75NTR, IBA-1, and Ki67 in regenerated sciatic nerve. In post-operation 8weeks, the regenerative nerve fibers were

disordered arrangement and only a few P75NTR was observed in the sham group (a). Compared with the sham group, the regenerative nerve fibers in the other groups

arranged relatively regular (b–e), P75NTR and Iba-1 immunoreactivities were also observed. In post-operation 12weeks, the regenerative nerve fibers in all the groups

(f–j) obviously improved than before, P75NTR immunoreactivities in different Salidroside (SAL) mixture groups were better than sham group (f) and BDSC group (g), and

the expression of Iba-1 in 0.2mM Salidroside mixture group (i) was also lower than other group. Histograms showed the count of IBA-1-positive cells and Ki67-positive

cells in regenerative sciatic nerve. Ki67-positive cells were observed in all groups at post-operation 8weeks and 12weeks, but there were more obvious in the

Salidroside mixture groups with different concentrations than EPM group and EPMþRSC96 group (k–t). n¼ 5; Bar¼ 100 lm. (A color version of this figure is available

in the online journal.)
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activation of several signal transduction pathways.21 It was
found that P75NTR and BDNF were up-regulated after
peripheral nerve injury, and BDNF stimulated myelination
by activating P75NTR in Schwann cells and axons.21–24 In
our study, the expression of P75NTR in the Salidroside
administration groups was relatively lower than the
EPMþRSC96 group at post-operation 8weeks, but there
was no significant differences among all the groups at
post-operation 12weeks. It was suggested that Salidroside
may regulate neurotrophic factors to affect the proliferation
of Schwann cells to promote nerve regeneration of

peripheral nerve injury in the early phase. Besides, studies
also showed that Salidroside can protect Schwann cells
from oxygen-free radical damage, promote the prolifera-
tion ability of Schwann cells, and enhance cell vitality.25

Compared with the previous literatures using a PLGA
conduit and salidroside on peripheral nerve regeneration,26

the effect of Salidroside combined with epimysium conduit
showed that the arrangement of regenerative tissue seemed
to be more regular and tight in our study, and the regener-
ative effect was superior to the synthetic polyurethane
conduit.

Figure 5. Immunofluorescence staining of Neurofilament and MBP in regenerated sciatic nerve. At 8weeks post-operation, the neurofilament (red) and MBP- (green)

positive regenerative tissues longitudinally distributed along the sciatic nerve, and their expression in 0.4mM Salidroside mixture group was more obvious than other

groups, while the EPM group showed fainter expression. At 12weeks post-operation, the regenerative nerve tissues in all groups seemed to be arranged relatively

regular and more intensive than those at 8weeks post-operation, especially the neurofilament in 0.4mM Salidroside mixture group was observed more expression

than others and better alignment. n¼ 5; Bar¼ 50 lm. (A color version of this figure is available in the online journal.)

Figure 6. Western blot of P75NTR in the regenerative sciatic nerve. The expression of P75NTR in the sham group was not obvious in post-operation 8weeks; all the

other Salidroside (SAL) mixture groups were higher than sham group. In post-operation 12weeks, there were no significant difference in the expression of P75NTR in all

the groups (n¼ 5). *P< 0.05, **P< 0.01.
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In our study, Iba-1-positive macrophage/microglia was
observed in the early phase of sciatic nerve injury. We con-
sidered that the small amount of macrophage/microglia in
the EPM group might be activated in response to mild
chemical or inflammatory stimulation at 8weeks post-
operation, while other exogenous RSC96 Schwann cells
may stimulating many activated macrophage/microglia;
meanwhile, 0.1mM Salidroside treatment could not easily
eliminate the activation, so the amount of Iba-1-positive
macrophage/microglia in EPMþRSC96 group and
0.1mM Salidroside mixture group was significantly
higher than other groups. Only high concentration
Salidroside treatment in 0.2mM and 0.4mM Salidroside
mixture groups alleviated the expression of macrophage/
microglia. At 12weeks post-operation, most of the Iba-1-
positive macrophage/microglia in different groups were
in relatively low expression level, which could indicate
that nerve regeneration was in the relatively stable
period. Therefore, these results could be closely related to
the synergistic effects of epimysium conduit, BD matrigel,
RSC96 Schwann cells, and Salidroside on nerve regenera-
tion, that epimysium conduit provides a good regeneration
chamber, BD matrigel creates the environment for RSC96
Schwann cells survival and proliferation to guide the newly
axons sprouting direction and migration of cells,
Salidroside regulates oxidative stress response and inflam-
mation to exhibit neurotrophic and neuroprotective activi-
ties, and ultimately promotes the regeneration of sciatic
nerve injury.

In conclusion, this study demonstrated that Salidroside
combined with epimysium conduit and Schwann cell inter-
vention may play a better role in promoting sciatic nerve
regeneration and improved the motor function recovery
repair in the sciatic nerve injury animal model of rats.
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