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Abstract

Purpose: To evaluated the tubulization technique with standard and inside-out vein, filled or 
not with platelet-rich plasma (PRP), in sciatic nerve repair. 
Methods: Seventy male Wistar rats were randomly divided into five groups: IOVNF (Inside-
Out Vein with No Filling); IOVPRP (Inside-Out Vein filled with PRP); SVNF (Standard Vein with 
No Filling); SVPRP (Standard Vein filled with PRP); Sham (Control). The left external jugular 
vein was used as graft in a 10 mm nervous gap. 
Results: In the morphological analysis of all groups, myelinated nerve fibers with 
evident myelin sheath, neoformation of the epineurium and perineurium, organization of 
intraneural fascicles and blood vessels were observed. In the morphometry of the distal stump 
fibers, SVPRP group had the highest means regarding fiber diameter (3.63±0.42 μm), axon 
diameter (2.37±0.31 μm) and myelin sheath area (11.70±0.84 μm2). IOVPRP group had the 
highest means regarding axon area (4.39±1.16 μm2) and myelin sheath thickness (0.80±0.19 
μm). As for values of the fiber area, IOVNF group shows highest means (15.54±0.67 μm2), but 
are still lower than the values of the Sham group.
Conclusion: The graft filled with platelet-rich plasma, with use standard (SVPRP) or inside-out 
vein (IOVPRP), promoted the improvement in axonal regeneration on sciatic nerve injury. 
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techniques of peripheral nerves has focused 
on blend biological materials or artificial 
as conduits associated with cell therapy. 
However, for lack of a comparative study 
between standard and inside-out vein, with 
or not PRP, this study was performed with the 
objective of analyzing the effects of inside-out 
and standard vein grafts, filled or not with PRP, 
in the regeneration of sciatic nerve lesions in 
rats.

 ■ Methods

 The study was approved by the Ethics 
Committee on Animal Experimentation of 
Universidade de Marília.
 Animals were previously selected, and 
comprised 70 Wistar rats (Rattus norvegicus), 
adults (60 days of age), with an average weight 
of 195 grams, provided by the Central Animal 
House of São Paulo State University (UNESP, 
Botucatu, São Paulo, Brazil) and kept according 
to laboratory standards. 
 The animals were randomly divided 
into five groups: a Sham group (n=10) with no 
grafts, and four experimental groups (n=15 
each): IOVNF group (inside-out vein without 
filling) got a graft from the left external jugular 
vein inside-out; the IOVPRP group (inside out 
vein filled with Platelet Rich Plasma) got a 
graft from the left external jugular vein with a 
sample of PRP, the SVNF group (standard vein 
without filling) got a graft from the jugular 
vein in standard position, the SVPRP group 
(standard vein with PRP) got a graft from the 
jugular vein in standard position with Platelet 
Rich Plasma.
 In the surgical procedures the animals 
were submitted to a defect with 10-mm gap 
in the right sciatic nerve and repaired with 
tubulization by means of a graft taken from 
the left external jugular vein filled with Platelet 
Rich Plasma or not.

 ■ Introduction

 Traumatic injuries of peripheral nerves 
are common in clinical practice, accounting 
for painful neuropathies, decreased motor 
function and sensory perception, which 
drastically affect the quality of life of patients 
and loss of productivity1.  So, in many cases, 
the treatment of injuries in peripheral nerve 
occurs through microsurgical techniques in an 
attempt to restore impaired nerve function2.
 In cases of transection, reconstruction 
with autogenous nerve grafting shows better 
results in the repair, but becomes unfeasible 
due to its limitations as greater morbidity at the 
site of removal of the graft, scarcity of nerve 
donor sites, structural differences between 
the donor and receptor nerve, pain caused by 
neuroma, besides the sensitivity deficit 
resulting area which was removed3,4. 
 In order to eliminate or minimize the 
morbidity of the donor site in the repair of 
damaged peripheral nerve, tubulization, among 
alternative techniques, shows advantages in 
setting with extensive nervous commitment, 
where the use of conventional nerve graft is 
insufficient for defect to provide the defect 
filling2. 
 Several types of materials are used as 
substitutes for nerve autografts, from veins, 
arteries, muscles, allogenes nerve up to 
synthetic materials. However, these synthetic 
materials have not shown to be clinically 
effective substitutions5. 
 Recently great part of focus in peripheral 
nerve repair has been concentrating on the 
applicability of these substitutes associated 
with cellular therapy. As part of those studies, 
Platelet-Rich Plasma (PRP) has been widely 
used to repair damaged nerves, due to the 
variety of neuro-stimulating substances that 
accelerate axonal regeneration6,7.
 Most of the research on reconstructive 
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Collection and preparation of PRP

 0.8 mL of peripheral blood was collected 
from each animal of the groups SVPRP and 
IOVPRP prior to the operation and processed 
for PRP preparation. The blood was centrifuged 
using a Harvest Technologies Smart Prep 
Centrifuge, with tube with Sodium Citrate 10% 
(BD Vacutainer®, NJ, USA), 700-800 revolutions/
minute, at 22°C for 6 minutes8. The blood was 
separated into three layers: red blood cells at 
the bottom; acellular plasma at the top; and 
platelets, called buffy coat, in the middle. After 
the centrifugation, PRP was pipetted from the 
middle of the tube. The PRP was mixed with 
0.015 mL of 10% calcium chloride (activate the 
growth factors) prior to use.

Surgical procedures

 Animals were first weighed and then 
anesthetized by intramuscular injection of 50% 
tiletamine and 50% zolazepam at 10 mg/kg 
(Telazol®; Fort Dodge Laboratories, USA). 
 Aseptic techniques were adopted in 
all surgical procedures involving the animals. 
All surgical procedures were performed with 
the help of a stereo microscope (MC/M9 – 
DF Vasconcellos S/A, São Paulo, Brazil). After 
anesthesia and trichotomy on the left side of 
the neck region, a 20-mm longitudinal incision 
was made in the skin. The jugular vein was 
isolated and ligature of its confluents was done; 
then a periodontal probe was introduced and 
both ends were sectioned (Figure 1A). 
 In Groups IOVNF and IOVPRP, vein was 
reversed with the aid of a periodontal probe. 
The option to use the external jugular vein was 
due to its larger diameter and the absence of 
valves, which presented fewer obstacles to 
axonal regeneration9.
 This segment of the vein had an average 
diameter of 1.6 mm to 2.1 mm and was 14 mm 
in length10, and was kept in physiological serum 
until its placement, as a graft, between the 

injured nerve stumps. The skin of the donating 
site was sutured with 4-0 monofilament nylon 
thread (Ethicon Inc., Somerville, NJ, USA). In the 
second step, the sciatic nerve (approximately 
1.3 mm in diameter) was exposed (Figure 1B) 
and sectioned at the left side, and a 10-mm 
segment was removed. 
 Processed PRP was introduced into the 
venous lumen in groups SVPRP and IOVPRP 
(Figure 1C)11. In the vein autograft-PRP group, 
the grafted, inside-out vein was filled with 
approximately 0.15–0.2 mL of prepared PRP. 
PRP was injected into the cavity of vein after 
anastomosis through the space of stiches. Both 
the proximal and distal nerve stumps were 
inserted about 2–3 mm from the ends of the 
vein graft5.
 The epineurium was sutured with 
10-0 monofilament nylon suture (Ethicon Inc., 
Somerville, NJ, USA) ensuring that both the 
proximal and distal stumps went inside the 
inside-out and standard vein grafts, about 2 
mm at each end (Figure 1D). Subsequently, the 
skin was sutured with 4-0 monofilament nylon 
suture (Ethicon Inc., Somerville, NJ, USA).

Figure 1 - (A) Removal of the left jugular vein with 
periodontal probe (black arrow); (B) Exposure 
of the sciatic nerve (black arrow); (C) Schematic 
drawing of the filling with PRP; (D) Suture of the 
standard vein without filling (SVNF group – black 
arrow).
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Euthanasia and collection of nerve

 Segments Euthanasia of all animals 
was done after 12 weeks by means of an 
intraperitoneal injection of a high dose of 
pentobarbital (Nembutal®, 30-50 mg/kg, Abbott 
Laboratory, Quebec, Canada). Afterwards, two 
fragments were collected, one from the middle 
third of the vein graft, and the other from the 
middle third of the distal stump of the right 
sciatic nerve.

Histological processing of sciatic nerve 
samples

 Histological processing of samples 
collected from the graft sites and the distal 
stumps of the sciatic nerves was performed 
at the Microscopic and Experimental Anatomy 
Laboratory of the Institute of Biosciences 
- UNESP Anatomy Department, Botucatu 
campus, São Paulo, Brazil. The histological 
fixative used was modified Karnovsky liquid 
(Electron Microscopy Sciences® Hatfield, 
Pennsylvania, United States) diluted in sodium 
cacodylate buffer at 0.1 M, pH 7.3. After this 
period of fixation, the sciatic nerves were 
sectioned crosswise into two segments and 
left in the same fixative solution that was 
previously used for a period of one to two 
hours, and they were post-fixed for two hours 
in osmium tetroxide at 1% in sodium cacodylate 
buffer 0.1 M pH 7.312. Subsequently, they were 
dehydrated in ethanol and propylene oxide and 
embedded in resin for histological examination.
 Cross sections of 0.5 μm were 
obtained with a microtome (RM2265, Leica 
Biosystem®, Germany), colored with toluidine 
blue at 1% in borax aqueous solution at 1% 
and osmium tetroxide for morphological and 
histomorphometric analysis. The images of 
histological sections of grafts and distal stumps 
were captured with 400 times magnification 

(x40), by means of a video camera coupled to 
an optical microscope (Axiophot 2 Zeiss KS – 
300, Germany) and a computer.

Morphological and histomorphometric 
analyses

 In the analysis of the sciatic nerves, 
in the experimental groups, the neuronal 
morphology and the entire set of structures 
were observed, namely, the epineurium, 
perineurium, adipose tissue, intraneural and 
extraneural blood vessels and myelin sheath.
 For the Sham group, assessment of 
the area and minimum diameter of nerve 
fibers was performed, as well as the area and 
minimum diameter of axons, the area and 
thickness of the myelin sheath; for the other 
four groups (IOVNF, IOVPRP, SVNF and SVPRP), 
the assessment was made on the graft and the 
distal stump. These measures were obtained 
in four randomly selected fields by using the 
Image-Pro Plus™ program, version 6.0 (Media 
Cybernetics, Rockville, MD, USA). For the 
histological slides, the assessment was made 
with SigmaScan Pro version 5.0 (San Jose, CA, 
USA).

Statistical analysis

 Data obtained were submitted to 
ANOVA, followed by Scheffé’s test. For all 
analyses, p<0.05 values were considered as 
statistically significant.

 ■ Results

 In the histological analyses of the 
middle third of the grafts and the middle third 
of the distal stumps, for all groups, there is 
observed a presence of myelinated nerve 
fibers with evident sheath, neoformation of 
the epineurium with external surface covered 
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by adipose tissue, perineurium and intraneural 
organization of fascicles and blood vessels. 
Histological slides showed no evidence of vein 
wall used as graft, nor signs of necrosis.
 It was possible to observe some blood 
vessels located near the microfascicles of the 
SVNF e SVPRP groups. The epineurium and 
perineurium were clear in the IOVNF e SVPRP 
groups, and well delimitated in SVNF e SVPRP 
groups, however, in the SVNF group, they were 
more fibrous. The fascicles were of different 
sizes in the IOVNF and SVPRP groups, but in the 
IOVPRP group they were more compact. The 
myelin sheath in the distal stump was clear and 
homogeneous in the IOVNF and SVPRP groups. 
In the group IOVNF and IOVPRP they appeared 
more compact (Figures 2 and 3).

Figure 2 - Graft site (x40): (a) Sham group. Coloration 
made with osmium tetroxide and counter-staining 
by toluidine blue; (b) Sham group. Coloration 
made with osmium tetroxide and counter-staining 
by eosin; (c) IOVNF group; (d) IOVPRP group; (e) 
SVNF group; (f) SVPRP group; Perineurium (PE); 
Epineurium (EP) and blood vessel (arrow).

Figure 3 - Distal stump site (x40): (a) Sham group. 
Coloration made with osmium tetroxide and 
counter-staining by toluidine blue; (b) Sham 
group. Coloration made with osmium tetroxide 
and counter-staining by eosin; (c) IOVNF group; (d) 
IOVPRP group; (e) SVNF group; (f) SVPRP group; 
Perineurium (PE); Epineurium (EP) and blood vessel 
(arrow).

 The histomorphometric results for 
the graft sites region are shown in Table 1. 
All experimental groups showed significant 
differences regarding values obtained from the 
fiber area. The SVPRP group had the highest 
means, in the analyzed parameters except in 
the area of the axon (5.52±0.48), myelin sheath 
thickness (1.06±0.37), but are still much smaller 
compared to the Sham group. However, there 
is no statistically significant difference between 
the groups regarding to the values of axon 
area. The values of myelin sheath thickness 
between the IOVNF and IOVPRP groups did not 
present significant difference (1.44±0.58 and 
1.26±0.05), respectively (p <0.05).
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Table 1 - Morphometry of nerve fibers on the graft site.

Groups Fiber area
(μm2)

Axon area
(μm2)

Fiber
diameter
(μm)

Axon 
diameter
(μm)

Myelin
sheath area
(μm2)

Myelin 
sheath
thickness 
(μm)

Sham 42.81±2.80a 9.76±1.75a 6.24±0.91a 2.70±0.83a 33.05±2.21a 1.77±0.08a

IOVNF 16.98±1.01b 5.01±1.04b 5.15±1.52b 2.28±0.77b 11.97±1.36b 1.44±0.58bd

IOVPRP 22.14±0.98c 5.37±0.72b 4.45±0.37b 1.92±0.33bd 16.77±1.06c 1.26±0.05bc

SVNF 15.53±0.59d 5.56±0.65b 3.55±1.56c 1.60±0.60cd 12.77±1.33b 0.98±0.56ce

SVPRP 23.48±0.65e 5.52±0.48b 4.56±0.81b 2.45±0.46e 18.37±1.69d 1.06±0.37de

Groups: Sham (Control Group); IOVNF (Inside-Out Vein with No Filling); IOVPRP (Inside-Out Vein filled with PRP); SVNF 
(Standard Vein with No Filling); and SVPRP (Standard Vein filled with PRP). Different lower-case letters (a, b, c, d, e) 
indicate significant difference between groups in each measurement performed (vertical columns) by means of ANOVA, 
followed by Scheffé’s test (p<0.05).

 The histomorphometric results for 
the distal stump region are shown in Table 
2. The SVPRP group had the highest means 
regarding fiber diameter (3.63±0.42), axon 
diameter (2.37±0.31) and myelin sheath area 
(11.70±0.84). IOVPRP group had the highest 
means regarding axon area (4.39±1.16) and 
myelin sheath thickness (0.80±0.19). As for 
values of the fiber area, the IOVNF group shows 

highest means (15.54±0.67), but are still lower 
than the values of the Sham group. 
 IOVNF group shows significant 
difference in the fiber and axon diameter, 
compared to the SVPRP group (p <0.05). 
Differently, there is no significant difference 
in fiber diameter between IOVPRP and SVPRP 
groups (3.43±0.60 and 3.63±0.42, respectively).

Table 2 - Morphometry of nerve fibers in the distal stump.

Groups Fiber area
(μm2)

Axon area
(μm2)

Fiber
diameter 
(μm)

Axon 
diameter
(μm)

Myelin
sheath area
(μm2)

Myelin sheath
thickness 
(μm)

Sham 42.81±2.80a 9.76±1.75a 6.24±0.91a 2.70±0.83a 33.05±2.21a 1.77±0.08a

IOVNF 15.54±0.67b 3.87±0.65b 2.63±0.45b 1.35±0.25b 11.68±0.75b 0.64±0.13b

IOVPRP 13.28±1.69c 4.39±1.16b 3.43±0.60cd 1.83±0.68ce 8.89±1.36c 0.80±0.19c

SVNF 11.39±1.70d 3.23±0.13cd 2.65±0.76b 1.41±0.52be 8.16±1.57c 0.62±0.32bc

SVPRP 15.28±1.03b 3.58±0.84bd 3.63±0.42d 2.37±0.31d 11.70±0.84b 0.63±0.32bc

Groups: Sham (Control Group); IOVNF (Inside-Out Vein with No Filling); IOVPRP (Inside-Out Vein filled with PRP); SVNF 
(Standard Vein with No Filling); and SVPRP (Standard Vein filled with PRP). Different lower-case letters (a, b, c, d, e) 
indicate significant difference between groups in each measurement performed (vertical columns) by means of ANOVA, 
followed by Scheffé’s test (p<0.05)

 ■ Discussion

 The aim of the present study was to 
evaluate the influence of platelet-rich plasma 

(PRP) in axonal regeneration of peripheral nerve 
sectioned by means tubulization technique 
with inside-out and standard vein grafts.
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 The choice of the venous tubulization 
technique associated with cell therapy, 
In this experiment, demonstrated better 
histomorphological and histomorphometric 
results in the vein filled with Platelet Rich 
Plasma groups (SVPRP e IOVPRP), coinciding 
with some authors who used other types of 
filling13-16. Thus, it can be suggested that the 
filling of the vein with biological materials, 
prevent venous lumen collapse, allowing for 
better biochemical communication between 
the nervous stumps, and thus favoring the 
axonal growth4.
 In the histomorphological analysis, 
the experimental groups, vein filled with 
PRP, (IOVPRP e SVPRP), showed very similar 
characteristics in the Sham control group. 
Several clinical and experimental studies 
justify these findings by the action of the 
growth factors present in PRP that may have 
contributed to the better axon regeneration, 
owing to mitogenic action on Schwann cells 
and their neurotrophic activity5,17-19.
 In the histomorphometric analysis, 
observed were in variables measured (fiber 
diameter, area and diameter axon) that 
the groups, IOVPRP e SVPRP, had greatest 
parameters in distal stump compared with 
IOVNF and SVNF groups. Such results can be 
explained by the posttraumatic inhibitory 
microenvironment and neuropathy generated 
by PRP through a combinatorial strategy of 
supplying neurotrophic and neurotrophic 
factors20.
 The results of the standard vein with 
PRP and inside-out vein with PRP, SVPRP 
and IOVPRP groups respectively, showed 
equivalence in most of the variables measured 
at both the graft site and the distal stump. In 
theory, in cases of peripheral nerve damage 
such as neuropraxia or axonotmosis, where 
there was no complete rupture of the nerve, 
the presence of the neurovascular bundle in 
contact with the adventitia would provide 

a favorable microenvironment that could 
contribute to the repair process16. Thus, it can 
be suggested that laminin and the tunica 
adventitial, rich in collagen and trophic factors, 
in direct contact with the axons were not 
decisive to provide higher histomorphometric 
results compared to the standard technique21,22. 
Based on these results, the choice of the 
standard vein technique, evaluated in this 
study, becomes feasible due to the agility in 
the surgical process.
 Several studies in the literature illustrate 
basic and pre-clinical evidence on the use of 
PRP and its relevant products in peripheral 
nerve regeneration23,24. However, we found 
no evidence of a direct relationship between 
the growth factors in PRP and the use of the 
standard vein or inside-out in regeneration 
nervous.
 Failure to of a walking track analysis 
can be considered a fragility of this study. 
Still in the search for techniques that shows 
results next to the nervous grafts and knowing 
the properties of the platelet aggregates, as 
future perspectives, it can perform in viability 
analysis of the Platelet-Rich Fibrin (PRF) as fill 
material in venous conduits, as well as auxiliary 
therapies of photobiomodulation25-28.

 ■ Conclusion

 Based on the results obtained, it was 
concluded that the graft filled with PRP, using 
standard (SVPRP) or inside-out vein (IOVPRP), 
promoted the improvement in axonal 
regeneration in sciatic nerve injury.
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