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SUMMARY: This study investigated the role and mechanism of aspirin combined with rehabilitation training in the nerve injury
repair and Schwann cell changes in rats with sciatic nerve injury. Totally, 120 male healthy SD rats were randomly disfded,into
model, aspirin, and aspirin + rehabilitation groups, with 30 rats in each group. The sciatic nerve function index (SR&rmhbpatin
tolerance threshold and inclined plane test results at 4, 6, and 8 weeks after operation were compared. The distanceesfsensory
regeneration and the expression of S100B protein in Schwann cells were analyzed. Compared with the sham group, theo8El, of the m
aspirin, and aspirin+rehabilitation groups were significantly lower at 4, 6, and 8 weeks after operation. However, trendspirin
aspirin+rehabilitation groups had significantly higher SFI than the model group. The SFI at 6 and 8 weeks after operajlwer was h
the aspirin+rehabilitation group than that in the aspirin group (P<0.05). The photothermal pain tolerance threshold ofahgisham
and aspirin+rehabilitation groups were significantly higher than those of the model group at 4, 6, and 8 weeks afte(®gérafipn
The inclination angles of the model, aspirin, and aspirin+rehabilitation groups were significantly lower than those ofgheughaim
4, 6, and 8 weeks after operation, and the inclination angle of the aspirin+rehabilitation group was significantly hittagrahtre
model and aspirin groups (P<0.05). The sensory nerve regeneration distance in aspirin and aspirin+rehabilitation grcgrsiaas hig
that in the sham and model groups (P<0.05). The expression of S100B protein in the aspirin and aspirin+rehabilitatiors gighps wa
than that in the model group (P<0.05). Aspirin combined with rehabilitation training can promote the functional recoaity éise
injury, and the mechanism may be related to the increase of the expression of S100B protein in Schwann cells.
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INTRODUCTION

Sciatic nerve injury is a relatively common type ofdrug therapy alone is not ideal. Wallerian degeneration occurs
peripheral nerve injury, in which there are morphologicait the distal end of a nerve fiber in the early stage after
and functional damages of peripheral nerve. Its pathogengsisipheral nerve injury (Arzillet al, 2014). During this
involves many factors, such as autoimmune, chemicalocess, the distal myelin and axons are structurally altered
physical, and biological factors (Yuat al, 2021). Some within a few hours after injury and gradually decompose
scholars believe that Schwann cells have a direct impactwithin 2-3 days. After 5-6 days, phagocytic cells increase in
the internal environment of nerve regeneration and repairnamber, and remove the damaged myelin and axons from
patients with peripheral nerve injury (Letial, 2019). Early the lesion (Bhati&t al, 2000). At 1 week after injury, the
diagnosis and treatment is the key to improving periphenadpair begins with the proximal axon sprouting and gradually
nerve injury. It is shown that aspirin can promote the repairowing into a distal effector at a rate of 1-2 mm/d, and
of nerve function after nerve injury and improve motoeventually the nerve function is recovered (Blanquie &
function (Zhanget al., 2021). However, the overall effect of Bradke, 2018). Schwann cells form a new myelin sheath
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under the effect of nerve growth factors and neurotrophitom the day of operation for 7 days (1 time/day) and
factors and promote the repair and regeneration of injureghabilitation therapy. During the early stage of injury (within
nerves. Therefore, changes in nerve growth factors afdlays), passive joint motion of the affected limb was 3-5
neurotrophic factors within 7 days after peripheral nerviémes a day. After passive motion for 7 days, both passive
injury can affect injury progression and repair (Boyd &nd active joint motion was conducted 2 times per day and
Gordon, 2003; Blasest al, 2016). each time lasted for 15 min. The rehabilitation intervention
lasted for 4 courses (8 weeks) with 2 weeks as a course of
Rehabilitation training is very important for patientsdreatment. Rats in the aspirin group received Aspirin (60
with sciatic nerve injury. It can relieve the adhesion ofng/kg) by gavage from the day of operation for 7 days (1
peripheral nerves, promote the improvement of nerwene/day). The sham and model groups were given equal
function, and reduce the risk of muscle atrophy (Capocci@lume of normal saline by gavage for 7 days (1 time/day).
etal, 2014; Cert al, 2017). At present, there are few report$n the following weeks, no other specific treatment was
on the effect and mechanism of aspirin combined witherformed in the sham, model, and aspirin groups.
rehabilitation training in sciatic nerve injury. Herein, we
assessed the effects of aspirin combined with rehabilitati®eiatic functional index (SFI).At 4, 6, and 8 weeks after
training on the repair of sciatic nerve injury and on Schwaroperation, SFl was measured. Briefly, self-made SFI walking
cells in rats. The possible underlying mechanisms web®x was used. To obtain footprints of rats, the red ink was
analyzed and discussed. Our findings may shed light on th&inted to their feet. Three clear footprints were selected and
pathogenesis of sciatic nerve injury and may providie following parameters were measured: the footprint length
alternative ways for the treatment of sciatic nerve injury. of experimental (EPL) and non-operational foot (NPL), the
toe spread of experimental (ETS) and non-operational foot
(NTS), and the inter toes distance of experimental (EIT) and
MATERIAL AND METHOD non-operational foot (NIT). The SFI was calculated with the
following formula: SFI=-38.3(EPL-NPL)/NPL+109.5 (ETS-
NTS)/NTS+13.3(EIT-NIT)/NIT-8.8 (Yaret al, 2018).
Animals. Healthy SD rats (n=120, male, aged 4-6 weeks)
were purchased from the Animal Experiment Center d?hotothermal pain tolerance thresholdThe photothermal
Xinjiang Medical University. They were kept in standargpain tolerance threshold to radiant heat was detected at 4, 6,
conditions and acclimated for 1 week before experimentnd 8 weeks after operation with BW-Plantar390 Plantar Test
All animal experiment procedures are approved by the EthitBIO EXELLENCE INTERNATIONAL Tech Co.,Ltd,
Committee of the Second Affiliated Hospital of XinjiangBeijing, China). In detail, the radiant thermal stimulator was
Medical University. focused at about 1/3 of the plantar surface. The time from
heat stimulation to the spontaneous lifting of rat limb was
Establishment of sciatic nerve injury model.The sciatic defined as the photothermal pain tolerance threshold (Zhu
nerve injury model was established as previously describetlal, 2014). Three independent tests were performed and
(Bucanet al, 2019). Briefly, after fasting for 4 h, the ratsthe mean value of them was recorded.
were anesthetized. A 4 cm longitudinal incision was made
on the lateral skin of the left hind limb. Then, the sciatitnclined plane test.As previously described (Setal, 2017),
nerve was fully exposed and clamped by hemostatic forceipe inclined plane test was performed at 4, 6, and 8 weeks
for about 60 s. The color of the sciatic nerve at the clampatter operation. Briefly, the rats were placed on the self-made
site changed. During the operation, the tissues around fhate (50 cmx 30 cm), one end of which was fixed on the
nerves were protected. Finally, the wound was washed witble, with the hip facing down and the head facing up. When
normal saline and sutured with absorbable suture. For sh#ma rat was in a quiet state, the plate was tilted, and the tilt
operation, the sciatic nerve was exposed, but not clampetkgree was slowly increased until the rat cannot stay on the
plate. The angle of inclination at this time was measured. The
Animal grouping and treatment. SD rats were randomly mean value of three measurements was recorded.
divided into sham, model, aspirin, and aspirin + rehabilitation
groups, with 30 rats in each group. The sciatic nerve injuSensory nerve regeneration distanceAfter regular
model was established in model, aspirin, and aspirin anesthesia, the sciatic nerve on the operative side of the rats
rehabilitation groups. Meanwhile, rats in sham groupias exposed. Under microscope, the sciatic nerve was
received sham operation. For treatment, rats in aspirinciamped from 2.5 cm of the distal end of the anastomosis to
rehabilitation group were given Aspirin (60 mg/kg; Xuzhouhe proximal end at a distance of 0.2~0.3 mm per interval.
Enhua Pharmaceutical Group Co., Ltd., China) by gavadé&e clamp was stopped when there was dorsal muscle
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contraction. The distance from the stop point to the anasfwerformed by one-way or repeated measures ANOVA
mosis was measured with vernier caliper and defined fidlowed by LSD-t test. P<0.05 indicated statistically
sensory nerve regeneration distance, according to previaignificant difference.

description (Linet al, 2019a).

Immunohistochemistry. The rats were sacrificed at the 8thRESULTS
week. The sciatic nerve samples were collected and fixed
with 4 % paraformaldehyde. Expression of S100B protein
was detected in sciatic nerve samples usinigcreased SFlin aspirin+rehabilitation group.As shown
immunohistochemical kit (Maxin Biotechnologyin Table I, the SFI of the model group, aspirin group, and
Development Co., Ltd., Fuzhou, China). The brown and taspirin+rehabilitation group at 4, 6, and 8 weeks after
staining in cells were considered as positive S1008peration were significantly lower than that of the sham
expression. Five random fields were selected under highoup (P<0.05). Compared with the model group, the aspirin
magnification (¥ 400). The staining was graded as followgroup and aspirin+rehabilitation group had significantly
no staining or slight staining of cells and/or stroma (gradeégher SFI (P<0.05). Additionally, the SFI of
1); light staining of cells and/or stroma, with small foci (gradaspirin+rehabilitation group was significantly higher than
2); medium intensity of staining, with patchy foci (grade 3)that of aspirin group at 6 and 8 weeks after operation
and, deep and widely distributed staining (grade 4). (P<0.05). This result showed that the SFI in the
aspirin+rehabilitation group increased more significantly.
Statistical analysis.SPSS20.0 software was used dat&@omparison of photothermal pain tolerance threshold. The
analysis. The counting data is expressed as frequency (ratiedptothermal pain tolerance threshold of the model, aspirin
(n (%)) and was compared witfy Xest. The measurementand aspirin+rehabilitation groups at 4 and 6 weeks after
data of normal distribution is presented as nteatandard operation was significantly lower than that of sham group
deviation. The comparison among multiple groups wg$<0.05) (Table Il). The photothermal pain tolerance

Table I. Comparison of SFI.

Group (n=30 per group) Week 4 Week 6 Week 8

Sham group -5.36+0.51 -4.84+0.872 -3.9840.632
Modd aroup -38.22+6.56" -39.0446.790 -35.09+4.8%°
Aspirin aroup -32.89+9.96°4 -30.25+6.350* -25.59+5.05"4 4
Aspirin + rehabilitation group -30.26+6.05%4 -26.87+3.08:54¢ -18.00+2.072,44¢

Note: Compared with week 4 within grouf8<0.05; Compared with week 6 within grouf#s0.05; Compared with
the sham group at the same time pdiR&0.05; Compared with the model group at the same time Péint0.05;
Compared with aspirin group at the same time pai®0.05.

Table 1l. Comparison of photothermal pain tolerance threshold (s).

Group (n=30 per group) Week 4 Week 6 Week 8
Sham group 8.68+0.51 9.67+0.42% 11.37+0.872
Modé group 6.34+0.480 7.64+0.27°%° 8.13+0.34%
A spirin aroup 7.42+0.4504 8.85+0.38%44 11.0440.67%4
A spirin + rehabilitation group 7.65+0.400 4 8.96+0.31344 11.1640.55%4

Note: Compared with week 4 within grouf8<0.05; Compared with week 6 within groufs0.05; Compared with
the sham group at the same time pdiRk0.05; Compared with the model group at the same time pPéint0.05;
Compared with aspirin group at the same time poi#0.05.

Table 1ll. Comparison of angle of inclination (°).

Group (n=30 per group) Week 4 Week 6 Week 8

Sham group 43.67°+1.13° 48.27°+1.67°% 51.08%1.64°%
Modd group 35.92°%1.10° & 38.12°41.45:5 40.30 %+1.08 0®2

A spirin group 38.64°%+0570° 4 41.36°+0.81 04 44,12 °+1.300®04
A spirin + rehabilitation group 40.64°+09800 4% 4458°+1.64 034t 4751 0+]1.17 0doal

Note: Compared with week 4 within grouf8<0.05; Compared with week 6 within grouf<0.05; Compared with
the sham group at the same time pdiRk0.05; Compared with the model group at the same time pPéint0.05;
Compared with aspirin group at the same time poi®0.05.
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threshold of the aspirin group and aspirin+rehabilitatiolower angle of inclination at 4, 6, and 8 weeks after operation
group was significantly higher than that of model groupP<0.05) (Table Ill). Additionally, the aspirin+rehabilitation
(P<0.05). The photothermal pain tolerance threshold of tigeoup had significantly higher angle of inclination than the
sham group, aspirin group and aspirin+rehabilitation groupodel group and aspirin group (P<0.05). Thus, the angle of
at 8 weeks after operation was significantly higher than thaiclination in the aspirin+rehabilitation treatment group
of model group (P<0.05). This data revealed that themproved more significantly.
photothermal pain tolerance threshold in the
aspirin+rehabilitation group was significantly improved. Comparison of sensory nerve regeneration distance and
S100B protein expressionTo assess nerve regeneration,
Comparison of angle of inclination.The angle of the sensory nerve regeneration distance was compared.
inclination was measured with the inclined plane tesMoreover, immunohistochemistry detected S100B protein
Compared with the sham group, the model group, aspigxpression (Fig. 1). As shown in Table 1V, the regeneration
group, and aspirin+rehabilitation group had significantlgistance of sensory nerve and the positive expression of

Table IV. Comparison of sensory nerve regeneration distance (mm) and S100B protein expression (%).

Group (n=30 per group) Sensory nerve regeneration Positive S100B protein
distance (mm) percentage (%)

Sham group 17.44+0.43 89.25+2.96

Modd aroup 15.61+1.184 80.62+2.262

Aspirin group 22.8940.80%4 86.57+3.5504

Aspirin + rehabilitation group 23.0940.6144 86.42+5.9404
Note: Compared with the sham grotp<0.05; Compared with the model grotip< 0.05; Compared with aspirin group,
"P<0.05.

Model group

Fig. 1. Immunohistochemical

analysis of S100B protein.

Positive S100B expression
was shown as brown and tan
staining. Representative
immunohistochemical images
of each group were shown.
Magnification X 400. Scale

bar: 100 mm.
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S100B protein in the aspirin group andvasoactive drug, which can inhibit platelet aggregation,
aspirin+rehabilitation group were significantly higher thaimprove microcirculation, promote nutrition supply, and,
those in sham group and model group (P<0.05). Therefoomrrect cell hypoxia of the damaged nerve, which is
aspirin combined with rehabilitation training can effectivelyconducive to neural function repair (Gaial, 2018; Sun
improve the nerve function in rats with sciatic nerve injunyet al, 2022). Rehabilitation training can promote the
metabolism and blood microcirculation of motor tissues,
improve muscle strength and endurance, enhance muscle
DISCUSSION excitability, and is beneficial to the recovery of neural
function (Cui & Hu, 2019; Cheat al,, 2022). Therefore,
we suppose that our results may be related to the
Sciatic nerve injury can cause manifestations sucimprovement of microcirculation of injured nerve by
as pain in the innervated area, sensory dysfunction, amepirin and the repair of nerve function by rehabilitation
dyskinesia, which have a great impact on the quality tfaining. On the one hand, the combination of aspirin and
life of patients. Previous studies (Duarte-Moregdteal, rehabilitation can improve the blood supply of tissues and
2018; Costalest al, 2019) believed that surgery, physicapromote the regeneration of nerve function. On the other
therapy, chemotherapy, etc. can promote the functiorfand, it can improve the nerve tension and improve the
recovery of injured nerves. The mechanism includesurative effect.
improving the level of neurotrophic factors, and improving
the function of Schwann cells (Guetal, 2019). However, Schwann cells, as a kind of unique glial cells in the
the effect of any single therapy on sciatic nerve injury igeripheral nervous system, play an important role in the
very limited, and the combined therapy has mordevelopment of peripheral nerve and the maintenance of
advantages (Huaret al, 2018; Ibarra-Larat al, 2019). peripheral nerve function (Wareg al, 2019). They can
Studies from Liet al. (2019) and Liret al (2019b) have promote the secretion of active substances, and can indu-
shown that oxygen free radicals are released durieg and regulate myelin sheath formation and axon
neurological damage, which can cause apoptosis arafeneration (Lt al, 2017). In addition, they can also
necrosis of cells, and aggravate neurological damag®oduce cell adhesion molecules, form connections with
Aspirin can clear oxygen free radicals, reduce lipiddjacent axons, and promote the proliferation of adjacent
peroxidation, and improve neurological damage caused ayons, which are beneficial to nerve regeneration and
neurotoxicity (Malik & Kanneganti, 2018). In addition, functional repair (Kangt al, 2019; Dumaret al, 2020).
rehabilitation training plays an important role in sciati&100B protein is only expressed in Schwann cells, and
nerve injury and can promote the functional recovery afith the increased proliferation of Schwann cells, its level
damaged nerves (Zhamgal, 2019). We suppose that thewill be correspondingly increased, which can reflect the
combination of aspirin and rehabilitation training mayhanges of Schwann cells (et al, 2020). Herein, our
benefit the patients with sciatic nerve injury. results showed that, compared with the model group, the
expression level of S100B protein in the aspirin group and
In this study, we found that the SFI of the aspirithe aspirin+rehabilitation group was up-regulated. This
group and the aspirin+rehabilitation group increased atgljggests that aspirin may promote the improvement of
6 and 8 weeks after operation, and the more significamturonal function and protect nerve cells and functions by
effect was observed in the aspirin+rehabilitation groupip regulating the expression of S100B protein. It has been
Furthermore, the photothermal pain tolerance thresholgported that aspirin could promote the proliferation of
inclination angle and sensory nerve regeneration distarSehwann cells, enhance the activity of adenosine
of the aspirin+rehabilitation group were also significantlyriphosphate enzyme, promote the development of motor
improved. These results indicate that aspirin combined witleurons, cortical neurons, etc., and is conducive to the
rehabilitation training can effectively improve the neurasurvival of neurons (Zhanegt al, 2020). However, the
function, and improve the pain tolerance threshold and mepecific mechanism of up-regulating S100B protein
tor ability of rats with sciatic nerve injury. The specificexpression by aspirin is still unclear, which may be related
mechanism underlying the effect of aspirin on sciatic nervte its nutritional effect on nerve function and repair of nerve
injury has not been fully clarified. A previous animal studynjury. Interestingly, we found that the effects of aspirin
indicated that aspirin could improve the nerve injury aftealone and aspirin+rehabilitation on the photothermal pain
cerebral ischemia and reperfusion in rats by regulating tt@erance threshold, sensory nerve regeneration distance
discoidin domain receptor 1, suggesting that aspirin hasiad S100B protein expression were comparable. However,
protective effect on neural function (Rashidianithe overall effect of aspirin+rehabilitation was better,
Rashidabadiet al.,, 2019). In addition, aspirin is a especially on SFI and inclination angle.
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