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ABSTRACT

Background and objectives. Peripheral nerve injuries present a wide array of symptoms based on
the severity and the affected nerves. Despite an extensive understanding of injury mechanisms and
ﬁeneratiﬂn, treatments that ensure complete functional recovery are limited. The use of biological
therapies such as platelet-rich plasma (PRP) has increased in the treatment of neurological
disorders. This study aimed to analyze S100B protein expression as a biomarker of nerve
regeneration following post-axonotmesis injury after PRP administration and to compare the

efficacy of PRP with that of three different methods of administration.

Materials and methods. Describe briefly the main methods applied. In this post-test-only design,
twenty-five Wistar rats from the sciatic nerve injury model were randomly allocated into five
groups (n = 5): K1 (sham operation, negative control), K2 (nerve injury with saline injection,
positive control), and three nerve injury treatment groups that received PRP injections: local (P1),
intraperitoneal (P2), and a combination of local and intraperitoneal (P3). Axonotmesis nerve injury
was induced by clamping the sciatic nerve for 60 seconds. S100B expression was evaluated by
immunohistochemical examination using monoclonal antibodies anti-S100B and the percentage of

expression was calculated.




AMALTEA MEDICAL PUBLISHING HOUSE

@ https://medscience.center/journals/
Results. The PRP-treated group with nerve injury exhibited a greater increase in expression than
the K1 and K2 control groups. The group receiving PRP via the combination route showed higher

S100B expression than those administered PRP locally or intraperitoneally (p = 0.000).

Conclusions. S100B expression was significantly increased in the group receiving combined local

and peritoneal PRP compared with those receiving either local or intraperitoneal PRP alone.

Keywords: peripheral nerve injury; platelet-rich plasma; S100B Protein; rats;

immunohistochemistry Abbreviations: List all abbreviations & full terms

INTRODUCTION

Injuries to peripheral nerves are the most common and often result in long-lasting disabilities.
These disabilities are typically characterized by discomfort, muscle weakness, and diminished
sensory function of nerve receptors located in the skin, joints, and target muscular organs [1].
Among traumatic peripheral nerve injuries, motor vehicle accidents were the leading cause
(42.1%), with injuries from sharp or penetrating objects ranking second (17.2%) and gunshot

wounds being the third most common (15.9%) [2—4].

Peripheral nerve injuries can lead to axonal demyelination, degeneration, or both. These processes
typically result in impaired sensory and/or motor functions of the affected nerves. Restoration of
nerve function involves myelin regeneration, axonal regrowth, and reinnervation of sensory
receptors [5]. Axonotmesis, a type of nerve injury, occurs when axons are damaged, resulting in
disruption of axon continuity, demyelination, and impairment of both the endoneurium and the
perineurium. This condition typically arises from compression or stretching injuries and generally

has an unfavorable prognosis [6,7].

In the last ten years, the use of biological therapies for the treatment of neurological conditions has
increased significantly. Platelet-rich plasma (PRP) is a therapeutic method that involves
concenfrating platelets from the patient’s blood through centrifugation. Upon activation, PRP
releases various growth factors. These factors can stimulate cell multiplication, differentiation, and
blood vessel formation, thereby supporting the natural tissue regeneration process in the body [8.9].
It has been postulated that the ability of PRP to facilitate axon regeneration can be attributed to

various factors, including neurotrophic substances released by platelets [5,10].

The restoration and regeneration of nerve tissue, cells, or cellular products, known as
neuroregeneration, plays a vital role in addressing neuropathic pain. This process is critical for
therapeutic interventions. Among the key components for nerve cell survival are neurotrophic

factors; S100B is one such example [10,11]. Neural networks can overcome these neurotrophic
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factors; however, they may not be produced at sufficient speed or in adequate quantity [12]. SI00B
is a crucial protein that mobilizes macrophages and subsequently induces the production of pro-
inflammatory cytokines. Inflammation is a fundamental process in degeneration and regeneration.
During the inflammatory process, several proinflammatory cytokines exhibit increased expression

in various cells, including Schwann cells [13-15].

Histological and immunohistochemical methods can be used to assess peripheral nerve
regeneration efficacy. To evaluate axon regrowth using immunohistochemistry, investigators can
examine the expression levels of S100B, a protein that exhibits neurotrophic properties, in Schwann
cells. This protein shows increased expression when Schwann cells are subjected to injury,
rendering it a valuable marker for nerve regeneration studies. This study aimed to analyze S100B
protein expression as a biomarker of nerve regeneration following post-axonotmesis injury after
PRP administration and to compare the efficacy of PRP with that of three different methods of

administration.

MATERIALS AND METHODS

Animals
A group of 25 male Wigtar rats (Rattus norvegicus), 3-4 months old and weighing—-250-300 grams,

was obtained from the Laboratory of Experimental Animals at the Faculty of Veterinary Medicine,
Universitas Syiah Kuala, Banda Aceh, Indonesia. Rats were maintained in controlled environments
with unrestricted access to standard food and water. Using a post-test control-only group design,
the rats were randomly assigned to five groups (n = 5): K1 (negative control, involving a sham
operation without nerve injury or PRP injection), K2 (positive control, with nerve injury and saline
injection but no BRP injection), and three treatment groups that received nerve injury and PRP
injections: P1 (local PRP), P2 (intraperitoneal PRP), and P3 (a combination of local and
intraperitoneal PRP).

Preparation and collection of PRP

Following a seven-day adaptation period, ether was used to anesthetize ten rats. From each rat, 5
ml of whole bloocﬁas extracted via intracardiac puncture into a tube containing 0.3 ml of
anticoagulant. The blood was centrifuged at 1600 rpm for 10 min, followed by centrifugation at
2000 rpm for an additional 10 min. This process yielded three distinct layers: cell-free plasma at
the top, erythrocytes at the bottom, and platelet-rich plasma (PRP) in between. The upper two-

thirds of the plasma was extracted, leaving approximately 3 ml of PRP, which was then
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resuspended carefully. Before administration, PRP is activated by exposure to light and vibrations

[16].

Induction of peripheral injury by axonotmesis of the sciatic nerve

To establish rat sciatic nerve injury modclﬁhis study followed previous surgical protocols [17—
19]. Rats were administered intraperitoneal anesthesia using a combination of ketamine (50 mg/kg
body weight) and xylazine (5 mg/kg body weight). The gluteal area was shaved and sanitized before
making an incision. This incision exposed the sciatic nerve, extending from the sciatic notch to the
popliteal branch, and facilitated identification of the right biceps femoris muscle. The injured nerve
was marked at the epineurium using a 0.8 nylon suture. An arterial clamp was applied to the nerve
for 60 s, approximately 1.5 cm from the sciatic foramen, and the axonotmesis site was marked in

the muscle using a 0.4 silk suture.

Experimental design

In the saline control group, axonotmesis injury was induced in thaqciatic nerve, whereas in the
sham-operated group, it remained uninjured. The axonotmesis site in the saline control group was
treated with a gelatin sponge saturated with 0.2 ml of 0.9% saline solution. In the treatment group,
the sciatic nerve was enveloped in gelatin sponge moistened with 0.2 ml of PRP. The other group
received PRP via intraperitoneal injection without a sponge, administered five minutes after
axonotmesis. The sham control group was subjected to sciatic nerve injury, without injury. The
wounds were closed using sutures. A single operator performed the entire procedure using the
microsurgical tools in a sterile cnvironmenﬁfter treatment, the animals were returned to their
cages for 21 days [20,21]. On day 22, the rats were euthanized by cervical dislocation and the
sciatic nerve was surgically removed. The nerves were divided into two segments: the first starting
5 mm before and extending 10 mm beyond the axonotmesis site, and the second beginning 5 mm
beyond the first section. For histological examination, nerve segments measuring 5 mm in thickness
(segment 2) were immersed in a 10% BNF solution. Sciatic nerve tissue sections, cut to 5 ym

thickness, were embedded in paraffin.

Immunohistochemistry

Paraffin-embedded tissue sections were subjected to immunohistochemical analysis. An anti-
S100B antibody was used to assess S100B expression. S100B expression was examined under a
light microscope at 400xmagnification. ImageJ software was used to manually quantify the

percentage of S100B expression.
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Statistical analysis

Statistical analysis was conducted using ANOVA to assess the significant effect of different PRP
injection methods on S100B protein expression, followed by Tukey's post-hoc test for fugther
evaluation. The S100B expression results are presented as mean + standard deviation (SD). SPSS
software (version 22.0; IBM Corp., Armonk, New York, USA) was used for all the statistical

analyses. Statistical significance was set at p < 0.05.

RESULTS

S100B expression in each treatment group
S100B expression in each treatment group is shown in Figure 1. S100B immunoreactivity was

clearly visible under the microscope as ﬁncﬁmwnish granules in the cytoplasm. A sporadic
expression was observed in the control group. The results showed that the PRP-treated group had
higher expression than the K1 and K2 control groups (Figure 1 A-B). The group that received PRP
injections via the combined route (Figure 1E) exhibited enhanced S100B expression in comparison
to the groups that received PRP alone through local or intraperitoneal administration (Figure 1C-

D).

Percentage of S100B protein expression

The distribution of S100B protein expression across the experimental groups is shown in Table 1.

Statistical analysis using onc-way ANOVA revealed significant variations among the treatment
groups (p = 0.000). Notably, the group that received a combination of local and peritoneal PRP
exhibited a markedly higher percentage of S100B expression than the groups treated with either

local or intraperitoneal PRP alone.

Figure 2 shows that the groups receiving intraperitoneal and combined PRP treatments e)ﬁited
significant differences in S100B protein expression compared with the K1 sham operation control
group (p = 0.007 and p = 0.000, respectively). However, the group treated with local PRP did not
demonstrate significant expression levels compared to the K1 (p=0.082) or K2 (p = 0.619) control
groups. When examining the differences between the treatment groups, it was found that the
combined local and intraperitoneal PRP administration resulted in significantly different

expression levels compared to the P1 (intraperitoneal) treatment group (p = 0.010).

DISCUSSION
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Treatment efficacy varies significantly depending on how it is administered and its duration.
Numerous studies have documented the effectiveness of locally administered PRP for the treatment
and regeneration of peripheral nerves, attributing its success to its potential as a neuroprotective,
neurogenic, and neuroinflammatory agent. However, sﬂies on the effect of different PRP
administration methods on axonal regeneration following peripheral nerve injury are limited. This
study aimed to evaluate the effect of local, intraperitoneal, and combined administration routes on

S100B protein expression in sciatic nerve injury rat models.

PRP hasdw potential to deliver external neurotrophic factors [22]. The high concentration of
platelets in PRP contains many neurotrophic factors that play important roles in peripheral nerve
regeneration after nerve injury [23]. To survive, nerve cells require neurotrophic factors, including

S100B [24,25]. Neurotrophic factors can regulate the increase in S100B expression [26].

The S100 protein, encoded by the S100 gene family, contains two calcium-binding sites and is
involved in various intracellular and extracellular functions.[27] In studies focusing on nerve
regeneration, the S100 protein serves as an indicator of Schwann cell proliferation [28]. S100B
expression in Schwann cells is indicative of the degree of myelination, with S 100 immunoreactivity
correlating with myelin quantity in these cells [12]. In the second week, peak S100
immunoreactivity coincided with the maximum number of Schwann cells, myelin production, and

nerve thickness. After 4 weeks, myelin degeneration occurred and S100 expression decreased [29].

The present study revealed that administration of PRP to the site of nerve damage enhanced S100B
expression. When acute peripheral nerve injury occurs, Schwann cells in the affected area release
S100B, which triggers Receptor for Advanced Glycation End (RAGE) on both infiltrating
macrophages and Schwann cells. Furthgzmore, infiltrating macrophages have favorable effects
such as clearance of cell debris and dead neutrophils. Macrophages release cytokines and
neurotrophic factors. Activated Schwann cells also produce these substances in the area of nerve

damage, which play a crucial role in facilitating nerve repair following injury [30,31].

Compared with the K2 (saline) group, the K1 (sham operation) group, which underwent nerve
injury without PRP injection, exhibited low S100B expression. In addition, the combined PRP
treatment control group had a 2.07 times higher S100B expression value than the K1 control group,
which also received nerve injury treatment and 1.61 times higher S100B expression than the K2
(saline) control group. Under normal physiological conditions, S100B levels remain within the
standard range. However, when nerve damage occurs, there is a localized increase in S100B
concentration, which triggers various trophic effects in the peripheral nervous system [30]. The
effects of SIO0B are strongly influenced by its concentration. Studies have shown that S100B

exhibits neurotrophic properties at low (nanomolar) concentrations, which are believed to be
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physiologically relevant. A range of effects has been observed, including stimulation of neurite
growth, alteration of long-term potentiation, improvement of neuronal viability, reduction of

neurotoxicant-induced harm, and enhanced elimination of reactive oxygen species [12].

The protein S100 is exclusively found in glial cells of the central nervous system and Schwann
cells of the peripheral nervous system [26]. The observation of S100 expression by
immunohistochemical staining of injured nerves indicates Schwann cell proliferation. In the PRP-
treated groups, PRP administration via the combined route increased S100B protein expression
compared with that in the local and intraperitoneal groups. Compared with the control group K1
(sham operation), all PRP-treated groups exhibited elevated S100 expression, indicating that PRP
administration enhanced Schwann cell proliferation. The PRP delivery method was based on the
findings of Ma et al. (2013), who demonstrated that direct application of growth factors to the

injured site protects nerve cells from death and substantially accelerates nerve regeneration [32].

Using the Extensor Postural Thrust test, Emril et al. (2021) showed that local and intraperitoneal
administration of PRP after sciatic nerve injury effectively inhibited neuropathic pain behavior and
improved motor function in rats using the Extensor Postural Thrust (EPT) test [ 18]. A recent study
reported that local and intraperitoneal administration of PRP improved rat motor function in the
Toe Out Angel (TOA) test after sciatic nerve injury [21]. Recovery from peripheral nerve injury
can be enhanced by the application of PRP, both locally and intraperitoneally. This treatment
improves various nerve characteristics, including increased fiber and axon diameters, a higher

number of axons, and thicker myelin sheaths [33].

As a results, PRP administration through the combined local and intraperitoneal routes showed the
highest nerve regeneration results compared to the local and intraperitoneal routes alone. The
accumulation of S100B indicates Schwann cell proliferation in the sciatic nerve, which supports

sustained regeneration and functional recovery [34,35].
CONCLUSION

The PRP treatment group exhibited a higher percentage of S100B protein expression than that in
the control group. The group administered PRP via the combination route (local and
intraperitoncal) showed increased S100B expression both in percentage and by
immunohistochemical observation. Further investigations, such as mRNA expression analysis of

S100B by RT-PCR, are warranted.
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FIGURES AND TABLES

TABLES

TABLE 1. Percentage of S100B protein expression between groups

Group Mean +S.D p-value
K1 (Sham operation) 7.75+1.14
K2 (Saline) 0.94 +1.31 0.000¢
P1 (Local PRP) 1127+2.18
P2 (Intraperitoneal PRP) 1279+ 2.10

16.09 + 2 88

P3 (Combined PRP)

“Analyzed using One-way ANOVA
“Statistically significant at p=0.05
PRP:Platelet-Rich Plasma; S.D: Standard Deviation




b o
Y

AIM[PH

AMALTEA MEDICAL PUBLISHING HOUSE

@ https://medscience.center/journals/

Figure 1. Immunohistochemical staining for S100B showed positive immunoreactivity, as
indicated by the black arrows pointing to fine brown granules in the cytoplasm. (A) K1, sham

operation; (B) K2, saline; (C) P1, local PRP; (D) P2, intraperitoneal PRP; (E) P3, combined PRP)
(400x magnification). PRP:Platelet-Rich Plasma
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Figure 2. Percentage of S100B protein expression between groups. *Significantly different

compared to the control group, K1 (p = 0.000); #significantly different between PRP treatment
groups (p=0.010). PRP:Platelet-Rich Plasma






