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FREEZE-DRIED PLATELET-RICH PLASMA PROMOTES TRIGEMINAL 

NEUROPATHIC PAIN RELIEF IN A RAT MODEL  

 

ABSTRACT 

Objective: Neuropathic pain and treatment side effects decreasing 

quality of life, reducing productivity, and high costs due to long 

duration of treatment. Regenerative medicine is a new and effective 

alternative treatment for neuropathic pain, one of which is Platelet-Rich 

Plasma (PRP) therapy. The objective if this study is to prove that there 

are differences in neuroregeneration post-crush injury after FD-PRP 

administration.  

Materials and Methods: Neuropathic pain model was made with 

crushing method, by compressing the infraorbital nerve using the artery 

clamp for 15 seconds. Rats divided into six groups. Each group was 

observed on day 14 (A, B, C) and 21 (A', B', C') to observe the 

macrophages, lymphocytes, and Schwann cells with Hematoxylin 

Eosin staining seen on horizontal plane of the infraorbital nerve with 

400x magnification. Face grooming observations were performed on 

day 0 (A0, B0, C0), day 7 (A7, B7, C7), day 14 (A14, B14, C14), day 

21 (A21, B21, C21).  

Results: There were significant differences in face grooming 

frequencies between groups on day 0 (p=0.002). ANOVA Same 

Subject test on A`, B`, and C` revealed significant differences in 

macrophages and lymphocytes with score 0.02 (p-<0.05) and 0.013 

(p0.05), respectively. There were significant differences between group 

A' and B' and between B' and C' (p>0.05).   

Conclusions: FD-PRP promotes nerve regeneration in axonotmesis, 

which was characterized by a decrease in face grooming frequency on 

day 7 and an increase in the number of lymphocytes, macrophages and 

Schwann cells on day 21. 

Keywords: Platelet-rich plasma, macrophages, lymphocytes, schwann 

cells, peripheral nerve injuries. 
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INTRODUCTION 

Lesions or somatosensory nervous system diseases 

cause neuropathic pain. Neuropathic pain that 

innervates the orofacial area can cause orofacial 

pain. Neuropathic pain can be caused by 

mechanical trauma or nerve compression due to 

surgery or neurological diseases such as post-

herpetic neuralgia, which causes functional and 

structural nerve disorders. The symptoms of 

neuropathic correlate to the failure of transmission 

of nerve impulses such as dysesthesia, 

hyperalgesia, allodynia, paresthesias, and others. 

Neuropathic pain is generally chronic, and it can 

decrease the patient's quality of life if not treated 

adequately.1  

 Pain sufferers have been treated with 

analgesics such as NSAIDs, anticonvulsants, 

antidepressants, and opioids. Surgical therapy is 

viable for neuropathic pain due to neurovascular 

compression, such as trigeminal neuralgia. 

Antiviral therapy is viable to cure pain-causing 

diseases such as post-herpetic neuralgia. Drugs and 

surgical therapy can relieve symptoms of 

neuropathic pain, but do not promote and 

accelerate the regeneration of damaged nerves.2 

Various studies confirmed that nerve regeneration 

is the most effective and efficient therapy for 

neuropathic pain management; therefore, effective 

and efficient therapeutic methods for nerve 

regeneration is needed.3 

 Platelet-Rich Plasma (PRP) is a bioactive 

substance that is being developed for a variety of 

medical therapies due to high growth factor content 

in α platelet granules. A high concentration of 

growth factors such as Transforming Growth 

Factor-β (TGF-β), platelet-derived growth factor 

(PDGF), vascular endothelial growth factor 

(VEGF), and insulin growth factor-1 (IGF-1) can 

accelerate inflammation and neuroregeneration 

processes. PRP has been commonly used in the 

therapy of musculoskeletal disease or injuries.4,5 

Also, various studies have confirmed the PRP 

regenerative effect on injured nerves. However, 

there has been no study of the effect of Freeze-

Dried PRP (FD-PRP) on injured nerves, 

particularly in axonotmesis. This study aimed to 

analyze the effects of FD-PRP on axonotmesis for 

neuropathic pain relief through cellular observation 

on lymphocytes, macrophages, Schwann cells, and 

facial grooming behavioral observation.   

MATERIALS AND METHODS 

This was a true experimental study with a post-test 

only control group design. This study received 

ethical approval by the Health Research Ethical 

Clearance Commission (HRECC) of the Faculty of 

Dental Medicine, Universitas Airlangga Number 

140/HRECC.FODM/VII/2018. This study used a 

sample of Wistar rats (Rattus norvegicus), in which 

all samples were divided into 6 groups, namely the 

control group (A), crush injury treatment group 

(B), and crush injury treatment group + FD-PRP 

(C). Each group was observed on day 14 (A, B, C) 

and 21 (A', B', C') to observe the macrophages, 

lymphocytes, and Schwann cells. A crush injury 

can cause clinically relevant axonotmesis lesions 

for certain larger-scale molecular and cellular 

nerve studies, and it is one of the pain indicators for 

face grooming observation in experimental 

animals.6,7 Face grooming observations were 

performed on day 0 (A0, B0, C0), day 7 (A7, B7, 

C7), day 14 (A14, B14, C14), day 21 (A21, B21, 

C21). 

 Allogeneic FD-PRP was obtained from the 

blood of 20 rats collected using a syringe 

containing dextrose citrate acid and centrifuged 

(Corelab BLC – 2012) for 10 minutes at 4000 rpm. 

The centrifugation separates the blood and plasma. 

The plasma was then transferred to another tube 

using a syringe. The plasma was centrifuged again 

for 10 minutes at 4000 rpm to accumulate the PRP 

at the bottom of the tube. The obtained PRP was 

then sterilized using UV light before freeze-dried. 

The PRP was then frozen at -83°C for 12 hours and 

lyophilized (Virtis Benchtop 4K 4BT4K2L-105) 

for 8 to 12 hours.   

 Rats in the treatment groups were anesthetized 

using ketamine per intraperitoneal and asepsized 

on the cheek region using 10% povidone-iodine. 

Then surgery was performed to access the 

infraorbital nerve fibers, which were then crushed 

for 15 seconds using artery clamp. The wound was 

then sutured and asepsized using povidone-iodine 

10%.   
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 The FD-PRP was dissolved in 

carboxymethylcellulose (CMC-Na 1%) with a 1:1 

ratio and applied using an 18G syringe on the 

treatment groups 24 hours after the crushing. 

 Face grooming observation was performed by 

transferring the experimental animal to a smaller 

cage without base with a mirror facing the camera 

for video recording.   The recordings were 10-

minute videos and recorded between 07.00 – 18.00. 

Three independent observers examined the video 

recordings, and the mean was obtained. The face 

grooming frequency was counted if the front legs 

of the experimental animal reach the treated region 

without body grooming after (isolated face 

grooming). 

 The macrophages, lymphocytes, and Schwann 

cells were calculated once the experimental animal 

anesthetized. The HPA of the infraorbital nerve 

was obtained from Hematoxylin Eosin (HE) 

staining. The calculation was performed using a 

light microscope (Nikon Eclipse e200) with 400x 

magnification. 

RESULTS 

In general, we found that macrophages, 

lymphocytes and schwann cell increased in PRP 

administration group. The highest face grooming 

frequency was observed in B0, and the face 

grooming frequencies of all groups tended to 

decrease. However, an increase in face grooming 

frequency was observed in group A21 and group 

B14. (Figure 1) 

 

Figure 1 : Face Grooming Frequency Chart 

 There was a significant difference in face 

grooming frequency between groups B and C, and 

there was no significant frequency observed in 

group A. (Table.1) 

Table 1. The Repeated-Measures ANOVA in Face Grooming between Groups 

Group Sig. 

A 0.190 

B 0.000* 

C 0.000* 
*significantly difference 
 

There were significant differences in face 

grooming frequencies between groups on day 0 (p 

= 0.002). Whereas on day 7, 14, and 21, there were 

no significant differences in face grooming 

frequencies between groups. (Table. 2)

 

Table 2. The One-Way ANOVA in Face Grooming between Days 

Time of Inspection Sig. 

0 0.002* 

7 0.212 

14 0.751 

21 0.356 
*significantly difference 
 

There was an increase observed in lymphocytes, 

macrophages, and Schwann cells from day 14 to 

day 21 in each group. The number of lymphocytes 

and macrophages significantly increased in the 

treatment groups, while the number of Schwann 

cells significantly increased in control positive 

groups. (Figure 2) 

 
Figure 2 : Mean of Lymphocyte, Macrophage and Schwann Cells 
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 Lymphocytes appeared round shape and 

almost filled with dark nuclei, macrophages can be 

found in several forms, commonly foun in oval 

shape with light-colored cytoplasm and dark 

nucleus, and Schwann cells are cells around axons, 

have a single nucleus, and form myelin sheaths. 

They were observed using a light microscope at 

400x magnification. The cells distribution in day 

14 and day 21 were presented in Figure 3.  

 

 

 

 

 

 
Figure 3 : Inflammation cells and Schwann cells under light 

microscope with 400x magnification on groups A, A’, B, B’, 

C, and C’. Red arrow points lymphocytes cells, black arrow 

points macrophages cells and yellow arrow points Schwann 

cells. 

 ANOVA test was carried out on day 14 and 21 

to observe the number of Schwann cells, 

macrophage cells, and lymphocyte cells. ANOVA 

test results on day 14 are presented in Table 3, on 

day 21 are presented in Table 4 and Independent t-

test of each cells presented on Table 5.
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Table 3. Statistical analysis data relating to the quantity of Macrophages, lymphocytes and schwanncells in each treatment 

group on day 14. 

 Group Mean±SD 
One-way 

ANOVA test 

LSD test 

A B C 

Macrophages 

A 7.00 ± 0.816 

0.000 

- 0.007* 0.000* 

B 5.43 ± 0.976 - - 0.000* 

C 10.71 ± 1.113 - - - 

Lymphocytes 

A 5.71 ± 0.488 

0.000 

- 0.001* 0.000* 

B 7.57 ± 0.976 - - 0.004* 

C 9.14 ± 1.069 - - - 

Schwann cells 

A 8.42 ± 1.272 

0.000 

- 0.000* 0.006* 

B 12.71 ± 1.113 - - 0.001* 

C 10.28 ± 0.951 - - - 
*= there is a significant difference (p<0.05) 

Table 4. Statistical analysis data relating to the quantity of Macrophages, lymphocytes and schwann cells in each 

treatment group on day 21. 

 Group Mean±SD 
One-way 

ANOVA test 

LSD test 

Aˈ Bˈ Cˈ 

Lymphocytes 

Aˈ 6.43±0.976 

0.000 

- 0.012* 0.000* 

Bˈ 8.00±1.00 - - 0.002* 

Cˈ 10.00±1.155 - - - 

Macrophages 

Aˈ 8.00±0.816 

0.000 

- 0.048* 0.000* 

Bˈ 6.57±0.976 - - 0.000* 

Cˈ 11.14±1.773 - - - 

Schwann cells 

Aˈ 9.14±1.09 

0.000 

- 0.000* 0.098 

Bˈ 13.57±1.272 - - 0.000* 

Cˈ 10.43±1.718 - - - 

 

Table 5. Independent T-Test on day 14 and 21 

Parameter Sig. 

Lymphocyte 0.205 

Macrophages 0.049* 

Schwann 0.433 
 

 

DISCUSSION 

The PRP effect on neuroregeneration was observed 

through face grooming frequency observation and 

histopathological examination by calculating the 

number of macrophages, lymphocytes, and 

Schwann cells. Face grooming frequency was 

expected to illustrate the effect of FD-PRP on pain 

arising from nerve injury, and the number of 

macrophages, lymphocytes, and Schwann cells 

was expected to demonstrate the effect of FD-PRP 

on neuroregeneration, increasing the inflammatory 

response efficiency and promoting Schwann cells 

proliferation for myelin sheath formation.   

 The face grooming frequencies of A0, A7, 

A14, and A21 were close, indicating that face 

grooming was not influenced by external factors 

such as stress and de-arousal conditions. Therefore, 

group A was the comparison for group B and C in 

face grooming observation. There were significant 

differences between group A0, B0, and C0. It 

indicated that crush injury influenced face 

grooming frequency, which is the response of 

experimental animals to pain arising from crush-

injury treatment. Wound healing and 

neuroregeneration, as observed in group B and C, 

influenced the face grooming frequency.9 

 Two hours after FD-PRP injection, the face 

grooming frequency of group C0 was lower than B0. 

This suggested that FD-PRP affected face grooming 

frequency by accelerating the neuroregeneration 

process, as observed in group C0.10 

 Comparison test results of day 0 revealed 

significant differences in face grooming frequency, 

while on day 7, 14, and 21, there was no significant 
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difference, indicating the wound healing process 

and relief of pain, therefore decreasing the face 

grooming frequency.11 The insignificant result was 

related to the animals' responses to the given 

treatment.12,13 

 This study also examined the effect of FD-PRP 

on neuroregeneration acceleration by calculating the 

cells involved, namely lymphocyte, macrophages 

and Schwann cells. Lymphocytes, macrophages and 

Schwann cells play an important role in 

inflammation response due to injury. Inflammation 

promotes an adequate microenvironment in 

supporting the neuroregeneration process.  These 

cells release various kinds of cytokines, 

chemokines, and neurotrophic factors to 

synergistically accelerate neuroregeneration.  

 Lymphocytes cells revealed significant 

difference each group (p< 0.05). This study in line 

with Yun et al., (2011) found that one of growth 

factor which contained in PRP called TGF-β. This 

growth factor play an important role for 

lymphocytes proliferation. When PRP was given to 

injured nerve, the number of inflammatory cells 

including lymphocytes increased to accelerate 

neuroregeneration.14 

 The macrophages cells calculation showed a 

significant result (p=0.000, p < 0.05). Macrophages 

in group A made up 9% of cells in normal 

peripheral nerves, while group B showed a greater 

number of macrophages compared to group A. 

This was caused by macrophage migration 

activated by Schwann cells and local macrophages 

for clearing out myelin debris.15 There was a 

significant improvement in group C due to growth 

factors contained in FD-PRP, one of which was 

PDGF in increasing macrophage migration. An 

increase in the number of macrophages indicates 

faster healing. Macrophage dysfunction or a 

decrease in the number of macrophages inhibits the 

angiogenesis process, which eventually slows the 

healing process.16 

 There were significant differences between 

group (p<0.05). The significant differences were 

due to the increased number of Schwann cells in 

Wallerian degeneration. The number of Schwann 

cells post-injury increased because of increasing of 

macrophages cells for clearing out cellular debris 

and myelin. In successful nerve regeneration, 

clearing out of cellular and myelin debris by 

Schwann cells and macrophages completes in 21 to 

42 days.16 

 The significant difference on day 21 between 

group B' and C' indicated that FD-PRP treatment 

on group C' had accelerated the resolution of 

inflammation as the Wallerian degeneration was 

quickly initiated by the contained growth factors.17 

 The non-significant difference on day 21 

between group A' and C' indicated that the 

neuroregeneration in group C' was initiated early 

by the growth factors; therefore, the number of 

Schwann cells was not significant to the group A'. 

These growth factors, including transforming 

growth factor (TGF-β1), vascular endothelial 

growth factor (VEGF), and insulin-like growth 

factor (IGF- I) contained in FD-PRP, improve the 

inflammatory mediators' efficiency and accelerate 

the neuroregeneration processes. TGF-β2 and 

TGF-β3 also play an important role in Schwann 

cell proliferation and differentiation.18 

 Lymphocytes revealed no significant 

differences between day 14 and day 21. During 

inflammation, T lymphocytes are activated and 

release cytokines, which activate macrophages and 

thereby release more cytokines. Lymphocytes and 

macrophages interact in a bidirectional pathway, 

and their interactions play an important role in 

chronic inflammation; therefore, the number of 

lymphocytes was not significantly different.19 

 Independent T-Test compared between 

variables of day 14 and 21, and it showed that there 

was a significant difference in macrophage 

(p=0.049). This was because the healing process of 

chronically inflamed injured tissue consumes time; 

therefore, the number of macrophages for clearing 

out debris remained high.20 

 Independent T-test compared on Schwann 

cells revealed no significant differences between 

groups. This was because (1) sprouting axons grow 

on day 3 to 42 post-injury, and the Schwann cells 

proliferation and axons and myelin debris 

clearance by macrophages completes on day 21 to 

42 after injury for successful regeneration16,21,22 
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and (2) tissue vascularization, denervation of 

chronic Schwann cells, endoneurial and perineural 

fibrosis, axons inability to reach the correct target 

neuron, the distance for axons to reach the target 

neuron, cell atrophy, the rate of nerve regeneration, 

and other factors influencing the 

neuroregeneration.23-26 

CONCLUSIONS 

FD-PRP increase lymphocytes, macrophages a\nd 

scwhann cells proliferation, that accelerate 

peripheral nerve regeneration. These cells initiate 

several neurotrophic factors to achieve fast 

recovery. Thus, this study concluded that FD-PRP 

promotes nerve regeneration in axonotmesis 

injury, which was characterized by a decrease in 

face grooming frequency on day 7 and an increase 

in the number of lymphocytes, macrophages and 

Schwann cells on day 21.  
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