
INTRODUCTION

Facial nerve palsy refers to paralysis of all structures innervated 
by the facial nerve, which inhibits facial expression. Trauma ac-
counts for 10~23% of the etiology of facial nerve paralysis [1]. 
Importantly, facial nerve palsy has a significant impact on patients’ 
quality of life. Facial nerve trauma is responsible for the majority 

of the incidence of traumatic facial nerve paralysis. It is commonly 
caused by road traffic accidents, acute compression, or iatrogenic 
injury. Most temporal bone fractures are associated with intracra-
nial injuries, and 10% occur in combination with cervical spine 
injuries [2]. 

Unlike the central nerves, the peripheral nerves undergo func-
tional regeneration after injury by regrowing toward the injured 
area. Pharmacological treatment can help improve neurological 
function following peripheral nerve damage, especially crush 
injuries. To date, attempts have been made to regenerate the facial 
nerve after paralysis induced by crush injury in animal experi-
ments using bioactive molecules known as growth factors, such as 
the basic fibroblast growth factor [3, 4], insulin growth factor [5], 
transforming growth factor-beta [6], and nerve growth factor [7].

Human placental extract (PE) is rich in biomolecules, cytokines, 
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and growth factors such as epidermal growth factor, fibroblast 
growth factor, insulin growth factor, transforming growth fac-
tor, vascular endothelial growth factor, hepatocyte growth factor, 
and granulocyte-macrophage colony-stimulating factor, which 
potentiate regeneration, wound healing, cellular proliferation, and 
anti-inflammatory, antioxidant, and immunomodulatory effects 
(Supplementary Table) [8-20].

Experimental studies on peripheral nerve regeneration using PE 
are scarce, and only one study has explored its role in peripheral 
nerve recovery. However, it relied solely on histological evaluation, 
and no electrophysiological studies have been conducted [21]. 

Topical growth factor delivery is a promising procedure that can 
localize therapeutics to the facial nerve in the event of traumatic 
paralysis. To date, only a few experimental studies on traumatic 
facial nerve paralysis using topical single growth factors, such as 
basic fibroblast GF [22], insulin growth factor [5], brain-derived 
neurotrophic factor [23], neuregulin-1 [24], and glial growth fac-
tor [25], are available. 

Gelfoam can be used for drug or gene delivery in sponge or gela-
tin hydrogel form [26]. According to Hom et al. [27], the effects of 
sustained release using gelfoam or poloxamer with endothelial cell 
growth factor did not show significant differences. 

We hypothesized that multiple native growth factors present in 
PE would be considerably more effective than a single recombi-
nant growth factor. To date, no study has investigated the effect of 
topical PE on the rat facial nerve following crush injury. The pres-
ent study aimed to investigate the effects of topical PE application 
on recovery after crush injury to the rat facial nerve using func-
tional, electrophysiological, and morphological evaluations.

MATERIALS AND METHODS

In vitro study

PE preparation

PE was prepared using a method described by Heo et al. [28], 
with some modifications. The human placental tissue was ob-
tained from the Chosun University Hospital, Gwangju, South Ko-
rea. Human placental tissues were acquired with written consent 
and were approved by the Chosun University Hospital Institution-
al Review Board (CHOSUN 2022-10-024-002). The tissue was 
washed with ice-cold phosphate-buffered saline (PBS) to remove 
all traces of blood. Subsequently, the tissues were sectioned into 
small pieces and homogenized in cold PBS for approximately 10 
min using a tissue homogenizer (Biospec Products Inc., OK, USA). 
The homogenates were centrifuged at 6,000 g for 20 min at 4℃. 
The supernatant was collected and lyophilized to yield powdered 
PE. PE (20 mg/ml) was then dissolved in 1× PBS and sterilized by 

filtering (0.22 µm), and subsequently used for further experiments. 

Cell culture

RSC96 rat Schwann cells were cultured in high-glucose Dulbec-
co's modified Eagle’s medium (Gibco BRL, NY, USA) supplement-
ed with 10% fetal bovine serum (Thermo Fisher Scientific, ON, 
Canada) and 1% penicillin and streptomycin (Gibco, NY, USA) at 
37℃ with 5% CO2 in a humidified atmosphere. 

Cell viability assay

The proliferative effects of PE on RSC96 cells were evaluated us-
ing a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium 
bromide (MTT) assay (Sigma, MO, USA) according to the manu-
facturer’s instructions. Briefly, RSC96 cells were seeded in 96-well 
plates at a density of 1×104 cells/well. The next day, the cells were 
incubated with 0~4 mg/ml PE for 24 h, followed by analysis with 
the MTT assay.

Cell migration

RSC96 cells were seeded in 12-well plates at a density of 1×105 
cells/well and were incubated at 37℃ for 24 h. The cells were 
treated with PE for 24 h at 37℃ after reaching 80% confluence. A 
sterile P200 pipette tip was used to scratch the cell monolayer and 
create a gap of approximately 1.0 mm. The area covered by migrat-
ing cells was measured using the Image J software (https://imagej.
nih.gov).

Immunoblot analysis

Total proteins were extracted from RSC96 cells with 50 μl ra-
dioimmunoprecipitation assay buffer (Santa Cruz Biotechnology, 
TX, USA) containing PMSF (Enzo Life Sciences, NY, USA) and an 
inhibitor cocktail (Thermo Fisher Scientific, MA, USA) for 30 min 
on ice and then centrifuged at 16,000 rpm for 20 min. The pro-
tein concentration was measured using a bovine serum albumin 
assay kit (Thermo Fisher Scientific, MA, USA). Protein samples 
were subsequently analyzed by immunoblot analysis with specific 
antibodies for proliferating cell nuclear antigen (PCNA) (1:500), 
extracellular signal-regulated kinase (ERK) (1:500), phosphor-
ylated-ERK (p-ERK) (1:500), and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) (1:1,000) for 16 h at 4℃. The appropri-
ate horseradish peroxidase-conjugated secondary antibodies were 
used for enhanced chemiluminescence detection.

RNA isolation and reverse transcription polymerase chain 

reaction

RNA was extracted from RSC96 Schwann cells using RNAiso 
Plus (TAKARA, Tokyo, Japan). cDNA was prepared using Prime-
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Script II 1st Strand cDNA Synthesis kits (TAKARA, Tokyo, Japan) 
with the supplied buffer (0.2 μg of random primers and 1 mM 
dNTPs). cDNA was amplified using the Power SYBR Green PCR 
Master Mix (Applied Biosystems, CA, USA). Reverse transcription 
polymerase chain reaction (RT-PCR) was performed using rat 
gene-specific primers for nerve growth factor (NGF), cerebral do-
pamine neurotrophic factor (CDNF), brain-derived neurotrophic 
factor (BDNF ), and GAPDH , which were synthesized by Geno-
tech (Daejeon, South Korea) and Integrated DNA Technologies 
Inc. (Coralville, IA, USA). The RT-PCR cycling parameters were as 
follows: 95℃ for 10 min, followed by 40 cycles of 15 s at 95℃, and 
1 min at 60℃. Primers used in this analysis are listed in Table 1.

In vivo study

Animals 

All animal experiments were performed in accordance with the 
local ethics committee of the Chosun University (CIACUC2021-
A0021). Experiments were conducted on 10 adult Sprague-Dawley 
rats weighing 250~300 g. Rats were anesthetized using isoflurane 
via inhalation.

Surgical procedures 

A post-auricular incision was made on the left side. The main 
trunk of the facial nerve was exposed under a surgical microscope 
(Leica) after dissecting the subcutaneous layer, at its point of exit 

from the stylomastoid foramen, before the facial nerve branches 
into the main trunk. The main trunk was crushed using a hemo-
stat for 1 min (Fig. 1). This standard crushing procedure ensured 
that all nerve fibers were injured and the axonal sheath remained 
intact [18]. The rats were randomly divided into the control (n=7) 
and study groups (n=7). PBS-soaked (100 μl) gelfoam was topically 
applied to the crush site in the control group and (100 μl, 2 mg/ml) 
the study group (Fig. 2).

Evaluation of vibrissa fibrillation 

Vibrissa fibrillation in both groups was recorded for 40 s using 
the iPhone video system 1, 2, 3, and 4 weeks after inducing the 
crush injury. The frequency of vibrissa fibrillation was analyzed 
using BORIS (https://www.boris.unito.it), an animal behavior 
evaluation software. The percentage of vibrissa fibrillation (left 
side: crush injury/right side: normal) at each week was compared 
between the control and study groups.

Measurement of the threshold of electrically stimulated 

muscle action potential

Electrophysiological analysis was conducted before and four 
weeks after the crush injury. The threshold action potential was 
measured using the method described in our previous study 
[29, 30]. The facial nerves on the left side were re-exposed. The 
right intact site was used as the normal control. The facial nerve 

Table 1. Primers used in the real-time polymerase chain reaction

Gene Forward primer (5’→3’) Reverse primer (5’→3’) Acc. No.

NGF CCAAGGACGCAGCTTTCTATC CTGTGTCAAGGGAATGCTGAAG NM_001277055.1
CDNF CGAGGGCTGACTGTGAAGTA GGTGGCCGAGTCTTTGGTAG NM_001037543
BDNF GTGGTTACCTGACTGGGCTC ACAGGGGATTCAGTGGGACT NM_001270630.1
GAPDH CTGCCACTCAGAAGACTGTGG TTCAGCTCTGGGATGACCTTG NM_017008.4

Fig. 1. A crush injury induced in the main trunk of the facial nerve using a hemostat for 1 min.

 

Fig. 1. A crush injury induced 
in the main trunk of the facial 
nerve using a hemostat for 1 min.
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monitoring system was equipped with electromyography (AD 
Instruments, Castle Hill, Australia). The subdermal needle elec-
trodes were positioned percutaneously into the orbicularis oculi, 
orbicularis oris, and leg (ground needle) to record compound ac-
tion potential (CMAP) signals, which were evoked by stimulation 
of the main trunk of the FN directly using a monopolar tungsten 
probe (Xomed-Treace, Jacksonville, FL, USA). Electrical signals 
(rectangular current pulse for 0.05 ms) were delivered to the main 
trunk of the facial nerve using a monopolar stimulating electrode 
connected to a pulse generator (A-320D; World Precision Instru-
ments Inc., Sarasota, FL, USA). The distance and direction of the 

monopolar stimulating probe relative to the main trunk of the fa-
cial nerve were adjusted using a micromanipulator. All MAPs were 
measured using maximal nerve stimulation. Data were automati-
cally acquired using the lab chart system (PowerLab; AD Instru-
ment, Castle Hill, Australia), which was displayed on a Samsung 
computer monitor, and analyzed using the Scope software (AD 
Instrument). The peak amplitude of the action potential waveform 
was determined to assess the recovery from facial nerve injury (Fig. 
3).

Fig. 2. Topical application of PBS-impregnated gelfoam (control group) and PE-impregnated gelfoam 

(study group). PBS, phosphate buffered saline; PE, placental extract.

 

Fig. 2. Topical application of 
PBS-impregnated gelfoam (con-
trol group) and PE-impregnated 
gelfoam (study group). PBS, 
phosphate buffered saline; PE, 
placental extract.

Fig. 3. Measurement of action potential by direct stimulation of the facial nerve. 

 

Fig. 3. Measurement of action potential by direct stimulation of the facial nerve.
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Histological examination

Evaluation using light microscopy
After measurement of the threshold action potential, the distal 

portion of the main trunk was taken using micro-scissors under 
a surgical microscope. Segments of nerve tissue sections were 
carefully dissected and fixed in 4% paraformaldehyde in PBS. The 
fixed tissues were routinely processed, embedded in paraffin, sec-
tioned into 4-μm thick sections, deparaffinized, and rehydrated 
using standard protocols. The overall morphology was visualized 
using routine hematoxylin and eosin (H&E) staining. 

Myelin was stained with Luxol Fast Blue (LFB). In brief, the rehy-
drated tissue sections were incubated in 0.1% LFB solution over-
night at 56℃, rinsed with 95% ethyl alcohol and distilled water, 
differentiated in 0.05% lithium carbonate solution, dehydrated in 
a series of alcohol solutions, cleared with xylene, and mounted in a 
resinous medium. 

Immunohistochemistry
Axonal microtubules and Schwann cells were visualized via im-

munohistochemistry using anti-neurofilament and anti-S-100 an-
tibodies, respectively. Briefly, the rehydrated sections were blocked 
with normal goat serum (Vector ABC Elite Kit; Vector Laborato-
ries) for 1 h, incubated with rabbit anti-neurofilament and anti-
S-100 primary antibodies (1:500; Abcam, Cambridge, UK) over-
night at 4℃, reacted with biotinylated goat anti-rabbit IgG (Vector 
ABC Elite Kit) for 2 h at room temperature (RT), reacted with 
avidin-biotin peroxidase complex (Vector ABC Elite Kit) for 1 h 
at RT, and developed with diaminobenzidine substrate (DAB kit; 
Vector Laboratories). The relative staining intensities, average posi-
tive cell sizes, and average axonal diameters were analyzed using 
the ImageJ software (https://imagej.nih.gov/ij/download.html). 
The parameters are expressed as mean±error (SEs) (n= 5/group).

Evaluation using transmission electron microscope
After euthanasia, the distal portion of the facial nerve from two 

rats in both groups was rapidly excised using micro-scissors and 
immediately immersed in 2.5% glutaraldehyde fixation for trans-
mission electron microscopy (TEM). Tissue samples were washed 
with phosphate buffer and post-fixed using 1% osmium tetroxide. 
After serial dehydration using ethanol, the nerve samples were em-
bedded in a mixture of resins (LR white resin). Transverse semi-
thin (5-μm-thick) sections were cut using a microtome, stained 
with toluidine blue, and observed using light microscopy. Ultra-
thin sections were cut immediately following a series of semi-thin 
sections. They were examined using a JEM-2100F field-emission 
transmission electron microscope (JEM-2100F, JEOL Ltd., Tokyo, 
Japan). The thickness of the myelin sheath was measured using 

ImageJ. 

Statistical analysis

The in vitro data and threshold of action potential were analyzed 
using the analysis of variance and Tukey’s multiple comparison 
test, recovery of vibrissa fibrillation was analyzed by t-test, and 
thickness of myelin sheath by Mann-Whitney test using GraphPad 
Prism version 8.01 for Windows (GraphPad Software, CA, USA).

RESULTS

In vitro studies

Proliferation effect of PE in RSC96 Schwann cells

The cells were incubated with PE (0~4 mg/ml) for 24 h to evalu-
ate the proliferative effect of PE, and cell proliferation was mea-
sured using the MTT assay; 0 mg/ml represents no addition of 
PE. The difference between the control and PE groups was that 
the control consisted of FBS, whereas 0 mg/ml contained neither 
FBS nor PE. The proliferation of RSC96 cells treated with PE was 
significantly higher (up to 14%; Fig. 4A). PCNA levels were mea-
sured by immunoblot analysis to confirm the effect of PE at the 
molecular level. PCNA expression increased by 29% in RSC96 
cells treated with PE 2 mg/ml (Fig. 4B, C). Thus, the results showed 
that PE exerted proliferation effects in RSC96 cells.

Migratory effects of PE in RSC96 Schwann cells

RSC96 cells were incubated with 2 mg/ml PE for 24 h to deter-
mine whether PE affected the migratory ability of RSC96 cells. 
Cell migration was determined using a wound-healing assay. 
PE treatment significantly increased the relative wound closure 
rate (Fig. 5A, B) compared with that in the control group. The 
migration-related protein ERK was measured using immunoblot 
analysis to confirm its effect at the molecular level. The expression 
of p-ERK increased in RSC96 cells treated with 2 mg/ml PE (Fig. 
5C, D). Thus, these results suggest that PE enhanced the migration 
of RSC96 cells.

Growth factor secreted by Schwann cells treated with PE 

The effects of topical application of 2 mg/ml PE on RSC96 cells 
were further investigated by detecting the gene expression of 
important neurotrophic factors such as BDNF, NGF, and CDNF. 
Gene expression was investigated on days 2 and 4 (Fig. 6). The 
results indicated that the transcription of BDNF increased by 1.6-
fold, NGF increased by 14-fold, and CDNF increased by 2-fold 
in the PE-treated group. To check whether PE helped in the dif-
ferentiation of neuronal cells, we treated SH-SY5Y cells with PE 
and induced neuronal differentiation. The method of neuronal 
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induction of SH-SY5Y cells is described in the Supplementary 
Methods. Neurite length increased significantly in PE-treated cells 
compared with untreated cells (Supplementary Fig. 1).

In vivo studies

Assessment of vibrissa fibrillation 

All the rats included in the experiment survived, and no intra-
operative complications were observed. Video observations of 
vibrissa fibrillation and analysis using BORIS showed rapid be-
havioral improvement in the study group (albeit gradually) com-
pared to that in the control group. No significant difference was 
observed between the PE and control groups during the 1st week 
postoperatively. However, a significant improvement was observed 
at postoperative 2nd, 3rd, and 4th weeks in the study group (p<0.05) 
(Fig. 7).

Recovery of electrically stimulated muscle action potential 

threshold

The recovery of the threshold and action potentials differed sig-
nificantly between the study and control groups at 4 weeks post-
operatively. Moreover, there was a significant difference between 
the PE group and the contralateral and normal sides of the control 
group (p<0.05) (Fig. 8).

Histological findings

H&E staining and neurofilament immunostaining revealed that 
the axonal diameter was greater in the PE-treated facial nerves, 
while LFB staining and S-100 immunostaining revealed more 
robust and thicker myelin sheaths enveloping the axons in the 
PE-treated group compared with those in the untreated control 
group (Fig. 9). These findings suggest that PE can elicit neuronal 
regeneration after mechanical injury via axonal regeneration and 
Schwann cell proliferation. The size of the axons was larger in the 
PE group, and the thickness of the myelin sheath was significantly 
larger in the PE group (Fig. 10).

DISCUSSION

The regenerative capacity of peripheral nerves is limited and 
their functional recovery is poor [31]. Permanent complications 
can occur before reinnervation of the regenerated axons [32]. 
Interaction between axonal connections of the facial nerve is es-
sential for maintaining facial expression. 

The symmetry of the eyes at rest, eye closure ability after the 
blinking reflex by blowing air onto the cornea, symmetry of the 
vibrissae (whiskers) at rest relative to the normal central position 
of the nose tip, and vibrissa fibrillation (motion) compared to the 
normal or untreated side are used for clinical scoring of mimetic 
muscle recovery. However, these assessments are subjective. In the 

Fig. 4. Proliferation effect of placental extract in RSC96. The proliferation is significantly increased in 

the RSC96 cells treated with PE (0.5-4 mg/mL) (A; t-test, *p<0.05, mean ± SD). The expression of PCNA 

is increased in RSC96 treated with PE (2 mg/mL) (B, C; t-test, *p<0.05, mean ± SD).

 

Fig. 4. Proliferation effect of placental extract in RSC96. The proliferation is significantly increased in the RSC96 cells treated with PE (0.5~4 mg/ml) (A; 
t-test, *p<0.05, mean±SD). The expression of PCNA is increased in RSC96 treated with PE (2 mg/ml) (B, C; t-test, *p<0.05, mean±SD).
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Fig. 5. Migratory effect of placental extract in RSC96 (Schwann cell line) using the wound healing 

assay. PE treatment has significantly increased the relative wound closure rate (A and B; t-test, *p<0.05, 

mean ± SD) compared to the control group. Migration-related protein extracellular signal-regulated 

kinase (ERK) levels measured using immunoblot analysis to confirm the effect at the molecular level. 

The expression of p-ERK is increased in RSC96 treated with 2 mg/mL of PE (C and D; t-test, *p<0.05, 

mean ± SD). Thus, the results suggest that PE improved the migration of RSC96 cells.

Fig. 5. Migratory effect of placental extract in RSC96 (Schwann cell line) using the wound healing assay. PE treatment has significantly increased the 
relative wound closure rate (A and B; t-test, *p<0.05, mean±SD) compared to the control group. Migration-related protein extracellular signal-regulated 
kinase (ERK) levels measured using immunoblot analysis to confirm the effect at the molecular level. The expression of p-ERK is increased in RSC96 
treated with 2 mg/ml of PE (C and D; t-test, *p<0.05, mean±SD). Thus, the results suggest that PE improved the migration of RSC96 cells.

Fig. 6. Quantitative polymerase chain reaction showing that PE increased BDNF, NGF, and CDNF gene 

expression compared to that in the control group (t-test, *p<0.05, mean ± SD).

Fig. 6. Quantitative polymerase chain reaction showing that PE increased BDNF, NGF, and CDNF gene expression compared to that in the control 
group (t-test, *p<0.05, mean±SD).
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Fig. 7. The recovery of the vibrissa fibrillation in the placenta group is enhanced compared to that in the 

control group. Mann-Whitney test, *p<0.05. The Y axis represents the recovery rate (%). The recovery 

rate was calculated by the number of vibrissa fibrillation in the left (lesion side)/right side (normal side) 

(percent). 

Fig. 7. The recovery of the vibrissa fibrillation in the placenta group is enhanced compared to that in the control group. Mann-Whitney test, *p<0.05. 
The Y axis represents the recovery rate (%). The recovery rate was calculated by the number of vibrissa fibrillation in the left (lesion side)/right side (normal 
side) (percent).

Fig. 8. The threshold of electrically stimulated action potential is statistically lower in the PE group 

compared to that in the PBS (control) group. The one-way analysis of variance was followed by the 

Tukey post hoc test using GraphPad Prism 8.0. *p=0.023, **p=0.0015.

Fig. 8. The threshold of electrically stimulated action potential is statistically lower in the PE group compared to that in the PBS (control) group. The 
one-way analysis of variance was followed by the Tukey post hoc test using GraphPad Prism 8.0. *p=0.023, **p=0.0015.
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present study, we assessed the recovery of vibrissa fibrillation using 
animal behavior analysis software (BORIS) with video analysis. 
This method was objective. To the best of our knowledge, this is 
the first study to analyze the recovery of vibrissa fibrillation in a 
facial nerve paralysis model. 

Gelfoam-impregnated PE was useful for the topical delivery of 
growth factors contained in PE to the facial nerve following pa-
ralysis induced by crush injury. In the present study, PE enhanced 
vibrissa fibrillation and recovery of the threshold and action 
potential, which was the result of nerve regeneration, including 
myelination. PE aided in the regeneration of axonal integrity by 

remyelination, as identified by the increase in the robustness and 
thickness of the myelin sheath based on H&E, LFB, neurofilament, 
S-100 staining, semi-thin section, and TEM findings. 

The degenerative process by which injured axons and the my-
elin sheaths surrounding them are eliminated is called Wallerian 
degeneration. The removal of myelin debris is an important stage 
in the regeneration process. Within two days of damage, the distal 
stump fragments and Schwann cells start to clean the axonal and 
myelin debris, and the Schwann cells also proliferate and differen-
tiate simultaneously [33]. Within two weeks of entering the distal 
stump, macrophages and Schwann cells clear the area of debris. 

Fig. 9. Crushed facial nerves treated with PE exhibit larger axons compared to the non-treated control 

group (H&E and neurofilament stained sections; solid arrows). The surrounding myelin sheaths are 

more distinct and thicker in the PE-treated group than those in the control group (Luxol Fast Blue and 

S-100 stained sections; arrows). The bars represent 5 μm. 

Fig. 9. Crushed facial nerves treated with PE exhibit larger axons compared to the non-treated control group (H&E and neurofilament stained sections; 
solid arrows). The surrounding myelin sheaths are more distinct and thicker in the PE-treated group than those in the control group (Luxol Fast Blue 
and S-100 stained sections; arrows). The bars represent 5 μm.
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Fig. 10. Crushed facial nerves treated with PE exhibit larger axons compared to the PBS treated control group 

(toluidine blue staining of semithin sections; solid arrows, A). The size of the axon in the PE-treated group is 

larger than those in the control group in the semithin section (A) and TEM (B). The bars represent 5 μm. The 

axon diameter and myelin thickness were measured using image J and are significantly larger in the PE group,

detected using Mann-Whitney test. **p=0.0015 (axon diameter), **p=0.0087 (thickness of myelin sheath) (C).

Fig. 10. Crushed facial nerves treated with PE exhibit larger axons compared to the PBS treated control group (toluidine blue staining of semithin sec-
tions; solid arrows, A). The size of the axon in the PE-treated group is larger than those in the control group in the semithin section (A) and TEM (B). 
The bars represent 5 μm. The axon diameter and myelin thickness were measured using image J and are significantly larger in the PE group, detected us-
ing Mann-Whitney test. **p=0.0015 (axon diameter), **p=0.0087 (thickness of myelin sheath) (C).
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Then, led by Schwann cell tubes, the axons regenerate from the 
proximal stump and make contact with the Schwann cells once 
more [34]. 

Schwann cells are the main source of myelin sheath, and my-
elination is an important property of axons that plays a significant 
role in neuronal regeneration following nerve injury. Therefore, 
Schwann cells are important for the development and main-
tenance of the peripheral nerves. They significantly affect how 
peripheral nerves develop, work, and are maintained, which helps 
foster a supportive environment for regeneration. The ability of 
Schwann cells to proliferate and migrate to the site of injury plays 
a major role in the repair of peripheral nerve damage. Our in vi-
tro study focused on the effect and mechanism of PE in RSC96 
Schwann cells. In this study, a significant increase in the prolifera-
tion and migration of Schwann cells in the presence of 2 mg/ml 
PE was observed. Moreover, the expression of BDNF , NGF , and 
CDNF was also significantly upregulated on the 2nd and 4th days 
of 2 mg/ml PE treatment. These findings suggest that PE improves 
the survival and performance of Schwann cells. Modulation of 
various neurotrophic factors, including BDNF, NGF, and CDNF, 
may be the underlying mechanism of PE-induced neurotrophin 
production. Supplementary Fig. 1 shows that neurite formation by 
PE was significantly enhanced in SH-SY5Y cells. According to a 
recent bioinformatics study [35], angiogenesis and nerve regenera-
tion are simultaneously activated in the early stages of response to 
nerve injury. At the early stage, 7 days post crush, we used the facial 
muscle for qPCR. VEGFA expression significantly increased in the 
PE-treated group (Supplementary Fig. 2).

CONCLUSION

Although further evaluations are needed, our results demon-
strated the enhancing effects of PE in the crush injured facial nerve 
paralysis model based on behavioral, functional, and morphologi-
cal analyses. PE may be considered as a topical therapeutic agent 
for treating traumatic facial nerve paralysis.
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