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Effect of Platelet Rich Plasma on Facial Nerve Regeneration in Acute Nerve Injury Model
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ABSTRACT

Background and Objectives : The object of this study was to evaluate the effect of platelet rich plasma (PRP) on facial nerve
regeneration from an axotomy injury in the guinea pig model. Materials and Method : Experiments involved the transection and
repair of right facial nerve. The right facial nerve of 14 albino guinea pigs were completely transected and immediately sutured,
followed by fibrin glue only (control group) or fibrin glue +PRP (PRP group) . Western blot assay was used to detect neurotrophic
factors secreted by PRP. Nerve regeneration was assessed by motor function, electrophysiology, and histology studies. Results :
High levels of neurotrophin-3, angiopoietin-1, glial cell line derived neurotrophic factors, nerve growth factors and brain deri-
ved neurotrophic factors were demonstrated in PRP. Motor function recovery, compound motor action potentials, and axon count
showed significant improvement in guinea pig treated with PRP. Conclusion : There was an improved functional outcome with
the use of PRP in comparison with control. The increased nerve regeneration found in this study may be due to the neurotrophic
factors secreted by PRP. (Korean J Otorhinolaryngol-Head Neck Surg 2009:;52:486-91)

KEY WORDS : Facial nerve - Regeneration - Platelet-rich plasma - Nerve growth factors.
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'J,. Fig. 1. Anatomy of facial nerve in

% Injury & suture site uinea pig and experimental pro-
| ' . guinea pig and experimental p

l"’\ cedure. A : Normal right facial ner-
T Mastoid rcess ve in guinea pig. B : Facial nerve
\‘"l injury and suture site. EAC : exter-

o § - WU A

= - " 1TH 3
[ Mastoid proces: 28 | 9 ' \‘ ) L\\ - i?. nal auditory canal, SCM : stemocle-
l““ o N R DR Y idomastoid muscle.
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Fig. 2. Electrophysiologic test met-
hod and the wave of compound
motor action potential. There was
decreased amplitude and area in
injured side 4 weeks after surgery.
(a : amplitude, b : area).
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(Fig. 4).

AMA MEOIXIO| western blotting 21}
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g 77t )9 PO Peld & A
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Corneal reflex Whisker movement
3.0 1 * 35 4
—e— Control —e— Control . .
25 4 | —w— PRP 30 7| —¥— PRP
* * *
2.0 1 25 4
g 154 L 20
o o
O 104 6 154
05 1.0 Fig. 3. Functional assesment of fa-
00 | 05 4 cial nerve. A : Corneal reflex of ey-
’ ’ elid. B : Whisker movement of vib-
T T T T T T ) 0.0 T T T T T T 1| rissae muscle. There were more fun-
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 | ctional recovery in PRP group than
@ Week Week control group. *p<0.05, unpaired
student t-test.
Amplitude Area *
* *
70 — * 60 -
1 i
60 | L 50 .
50
40
8 40 8
30
30
20
20
10 107 Fig. 4. Electrophysiologic test. There
0 0 were more increased amplitude
‘ ‘ ‘ ‘ and area in PRP group than con-
4 Weeks 6 Weeks 4 Weeks 6 Weeks trol group. A : Amplitude (%=right
Weeks Weeks side/left side). B : Area (%=right si-

»)

‘I:I Control 1 PRP

‘I:I Control 1 PrRP

de/left side) . *p<0.05, unpaired stu-
dent t-test.
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Fig. 5. Western blot assay of neuro-
trophic factors 10 days after surgery.
PRP group had abundant neurot-
rophic factors than control group.
NT-3 : neurotrophin-3, Ang-1 : an-
giopoietin-1, GDNF : glial cell line
derived neurotrophic factor, NGF :
nerve growth factor, BDNF : brain
derived neurotrophic factor.

Ang-1

GDNF

Fig. 6. nght microscopic pictures of facial nerve main trunk distal to transection 6 weeks after injury and treated with several methods.
There were more myelinated axon formation in PRP group than control group (toluidin blue stain, x<400). A : Normal facial nerve.
B : Control group. C : PRP group.

1o
=gy o
bl
o
O
2,
_>.:
o
e~
—
o -
+
e~
\]
~
o
k3l
o
o
®
2.
r1r 32 =

2.5/2, 500 ﬂmZE LiEM Mam

Uz PRPTE Hwete] Roks wl PRPIOIA] &
wAY F2to] 7b el nlste] oAl Frkee
o} # AN (p<0.05), F2H] FH7]% PRPTIAM ¢ F
AYPR e & = U (Fig. 6).

1 &t

QFANAL F N elA Y 71 FshA] Azl T2l
A9 %% AR A8 WA F Mg &3 W] A A
Ao wEALIY, R W ol = 7k Ty
AL Q)] AR £ 7tk HETHAE b &
do] WAE A9 i A vMlEo] 7 AT
Hu I A% 100% w5 wekA] xeh 57159
YA 3]Ho] ojg]e Ao @Aolrh P

QAR S e BAIA 9 AR g olli= AlES] vE
BF4 (extracellular matrix) ¥ A7 A4}, A|EAJE (cel-

490

lular component) 8] %5 z-g-0] ol sic} 7 WAl AL
A7 (neuron) T FTHHAIER A E ] 9l
Aol 27 FpA 7} Fodsh=t] 1 WS AT 3 B
AH(cell adhesion molecules) & B4 Fx7} A22] vig2
o 88 7|Aure] (A, A AgQdRs A4 ARl
A9 AAko] Qi) w3t Idet: AIEQ] wiEA = A7
=7] A R0 xH(neurite outgrowth promoting factors)
7F EAsEAL o] IA}F FAke] Ak SRS Halst
oJr} 1o
A 5o ofe] Aol A7 ARIAE A7 A

9 fA, Al Fog dE Fho] HeRa, olegt &
7wzl ofe] Aol A 471l GDNF, BDNF,
ciliary neurotrophic factor (CNTF), NT—-3 5°] A4 &
Aol A7) TARE Bl AR Q) AES EXAA, A9
WAy AL ERAZe] HaEQultY o]% BDNF=
SE=ANA | Zgal= 7FEst AGRIRLRE £t o Al
o] IAE ", %"LJ s = 237F Qo
CNTF& NT-3% 27AZE o] 88 217 &4 A8
2 e A1 Al o)),

PRP+= 43 AA7} 7421 Q1= a— 9o platelet—
derived growth factor, vascular endothelial growth

=007)%

factor, transforming growth factor beta—1, epidermal
growth factor, basic fibroblast growth factor, insulin—
like growth factor—1 59 A&7} A8k, A
o] hepatocyte growth factor, insulin—like growth fac-

Korean J Otorhinolaryngol-Head Neck Surg 2009;52:486-91



tor—10] EAshH= Aoz oA At dade A
Fallell 200,000+75,000/ pL. EABH=H, o7 4
S YARYIEE AX PRPE WA 931, 1,000,000/ 1
L o4 wj X224 PRPefar @ = QItk? 2 A& ofA
7= 71U3 PRPE @239 57F 1-3%x10Y pL2 A
24 FH o R ARgs7el Agslisict. ol AF e PRP
7F 7M1 AL ok AR ookt S50 A3AR1IAL o] lel| 4l
SN MRS masta A4 AAe £ F Qe
A7 AR EAE d7$Iske] Al western blot
At A A1 A374Q1IA1 NT—3, Ang—1, GDNF, NGF,
T S8t} o]& wEe® PRPO
AR} B A7 A S
Eato] AAARE R8s a7t S 4 5 Ak
PRPE Foldt oMo A3 avts 1] $jst] &
AT AR 7S AAL 71888 AL 227}

o,

AYAT AN SR 4 4% FHE 2R
Hsto] foI%t 7159 o] 9SS :
& 4F 9 65 Fol AR A Al
TN ez Hst] frolah Fob

L 245 el 2t
dzzel vlste] PRPZAN §913)
7F3he mol, PRPZS 7154, A714e1s #Ak
oIk, @, 24314

9\}]\
47 FEY 2

of

i
_E‘
2,
)

Vo

?N' o

1o,
ne

X b

N

~

foo > boro

=
ofX

= 7k Ak

74 %

Qb &4 RaoA PRPO) AHRS AAAAG =
AN E37F Q9T ol PRP7F thakit 79 417
AT BHEOL Vb e olele A3AA
520 ks &4 4% 98 Agebl veh

ol Folo] Wi 417 £ARDelN A7 ARl
Fole A7 4 Ang Az il wHow n#
B2k 9% Aoz AREY ol e F714el A7t
EECEE

SH T A - A - A S 297 A
A

P
o
fol
to

o] A= BENT AT A TFA A (FANE E00138) @ A
Aol AA g (IS CRI08068—

REFERENCES

1) Zhou L, Du HD, Tian HB, Li C, Tian J, Jiang JJ. Experimental study on
repair of the facial nerve with Schwann cells transfected with GDNF
genes and PLGA conduits. Acta Otolaryngol 2008;128 (11):1266-72.

2) Wiberg M, Terenghi G. Will it be possible to produce peripheral ner-
ves? Surg Technol Int 2003;11:303-10.

3) Fansa H, Keilhoff G. Comparison of different biogenic matrices seed-

ed with cultured Schwann cells for bridging peripheral nerve defects.

Neurol Res 200426 (2):167-73.

Nishiura Y, Brandt J, Nilsson A, Kanje M, Dahlin LB. Addition of cul-

tured Schwann cells to tendon autografts and freeze-thawed muscle gra-

fts improves peripheral nerve regeneration. Tissue Eng 2004;10 (1-2):

157-64.

Oppenheim RW, Yin QW, Prevette D, Yan Q. Brain-derived neuro-

trophic factor rescues developing avian motoneurons from cell death.

Nature 1992;360 (6406,):755-7.

Bryan DJ, Miller RA, Costas PD, Wang KK, Seckel BR. Immunocy-

tochemistry of skeletal muscle basal lamina grafts in nerve regeneration.

Plast Reconstr Surg 1993;92 (5):927-40.

Wang KK, Costas PD, Jones DS, Miller RA, Seckel BR. Sleeve inser-

tion and collagen coating improves nerve regeneration through vein

conduits. J Reconstr Microsurg 1993;9 (1):39-48.

8) Lohof AM, Ip NY, Poo MM. Potentiation of developing neuromuscular
synapses by the neurotrophins NT-3 and BDNF. Nature 1993;363
(6427):350-3.

9) Shirley DM, Williams SA, Santos PM. Brain-derived neurotrophic fac-

tor and peripheral nerve regeneration: A functional evaluation. La-

ryngoscope 19965106 (5 Pt 1):629-32.

Farrag TY, Lehar M, Verhaegen P, Carson KA, Byrne PJ. Effect of

platelet rich plasma and fibrin sealant on facial nerve regeneration in

a rat model. Laryngoscope 2007;117 (1):157-65.

Donzelli R, Maiuri F, Piscopo GA, De Notaris M, Colella A, Divitiis E.

Role of extracellular matrix components in facial nerve regeneration:

An experimental study. Neurol Res 2006;28 (8):794-801.

Kovacs K, \elich N, Huszéar T, Fenyves B, Suba Z, Szabd G. Histo-

morphometric and densitometric evaluation of the effects of platelet-

rich plasma on the remodeling of beta-tricalcium phosphate in beagle
dogs. J Craniofac Surg 2005;16(1):150-4.

Hadlock TA, Heaton J, Cheney M, Mackinnon SE. Functional reco-

very after facial and sciatic nerve crush injury in the rat. Arch Facial

Plast Surg 2005;7 (1):17-20.

Mattsson P, Janson AM, Aldskogius H, Svensson M. Nimodipine pro-

motes regeneration and functional recovery after intracranial facial

nerve crush. J Comp Neurol 2001437 (1):106-17.

15) Cohen D, Friedman P, Eilon A. Malignant external otitis versus acute
external otitis. J Laryngol Otol 1987;101 (3):211-5.

16) Mckennan KX, Chole RA. Facial paralysis in temporal bone trauma.
Am J Otol 1992;13 (2):167-72.

17) Yanagihara N. Transmastoid decompression of the facial nerve in tem-
poral bone fracture. Otolaryngol Head Neck Surg 1982;90 (5):616-21.

18) Ide C. Peripheral nerve regeneration. Neurosci Res Neurosci Res 1996;
25(2):101-21.

19) Jubran M, Widenfalk J. Repair of peripheral nerve transections with
fibrin sealant containing neurotrophic factors. Exp Neurol 2003;181
(2):204-12.

20) Anitua E, Andia I, Ardanza B, Nurden P, Nurden AT. Autologous pla-
telets as a source of proteins for healing and tissue regeneration. Thromb
Haemost 2004;91 (1):4-15.

4

=z

5

=

6

N

7

=

10

=

11

=

12

=

13

g

14

=z

491



