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Abstract: In recent years, graphene has been considered in various tissue engineering applications such as nerve guide conduits
because of its unique properties such as high electrical and mechanical properties, porous structure for exchange of nutritious
and waste materials, biocompatible, capability of drug and growth factor delivery. In the current study, nerve guide conduits
based on a 3D graphene were synthesized by induction heating chemical vapor deposition (ICVD). Graphene was synthesized on
Ni foam template at 1080 C. Fabricated samples were characterized by Raman analysis and Scanning Electron Microscopy.
Raman analysis showed that the synthesized graphene is in the form of a turbostratic multilayered graphene with little defects.
Cyclododecane (CD) as a temporary protective layer was used to remove nickel. After removing nickel, the free-standing 3D-
graphene structure was coated with a polymer (PCL) by drop and dip coating methods to obtain the composite conduit. A
comparison of the electromechanical results of the 3D-graphene/PCL conduit and PCL conduit indicated that firstly, grapheme
increased the electrical conductivity of the composite conduit which will help promote nerve regeneration and axon growth.

Secondly, tensile strength and flexibility of the 3D-graphene/PCL conduit was improved compared to the PCL conduit.

Keywords: Chemical vapor deposition (CVD), 3D-Graphene, Nerve guide conduit, PCL, Drop coating, Dip coating.

ERT31 51 MEVIEUTE oy JUN VN | P P SN U RN
i S5 Sl s 5 Gl AT
TV LY s tdg i) 5l OLes 5 n S [A] 550
Sl slad sk 51 sdman 31 S Colua JUIS el o) 5
Jsdows 55 5 T(PCL) 055V, LS g 5 (31,5 slasl
03 S e3linad (PGA/PDA) sl 53 L /il SU SIS L
Ll e (3l s 318 s ls S L3S 518 L
5703 it 3 ) Lacaas ) e 5 LB Ol peens
VT s 15 5t cos ¥ 505,
So Dot S W0 SU el plal Sli s Ll
Ll S 515 a5 5550 JUS Csle js Jogbl e
b LS lasy 8 Gl oS ol ol S 4K
S50l (S s s e 5 4e 0503 psis
Sl 318 sy o 05,8 3 4 Ddda ol
TP SEHR SN JU BN EUS S {RPS P c
Sl et Bl s gl WS SOl slis oy gelS
2 Jate pain Sd b Sl s et LS e 05 S
S 5 S s S S Ve S L SIS
Ol 5[N] sl YU gdmans 31 S 55 0 2SI !

Sy 8 tw;.;\j.fdv\_&fu (_gLA)t:}LA}:;MLgLAUZJJ

A4 Sler o) oled 8 o pwkign 53 4B iy 5l se

doadie —\
JUIS 3l osliad sdy sl Claael o 5 sl s, 51 S
Silmaatr Sl PO Olomen 5 ol e Zola
Golrlw S ol jleslanal U 55 50 ome laJUK
cladslw Jote ol g5l 5l eslial 5 o3l 350 (JUIS
S dod sl 5l SO sl aslsl i gla, gSB 5 O 5
e Sl JUIS bl s eslanal ¢l oYL < LB
D3 $3p4 pamia ool Jsar HLS ol IS s
Sl YU (Sl plSowad VU Sl (S0 glita
(I a5 il 5l se 5 (gdis 3l g0 Dols gl Sl
s 63l slad s (i) sla, 58U ls (IS)L OISl
a5, ee il glacil wdge 53 S sladle s
oeiliie 5 o318l eslanad gyepl 31Vl 4 S 413
Sl eomen [F-F] s LS Core C8L wdige 5o
SVIC S 515 a5 5550 315 (ol ae Culds JUIS
ek s S a1 01 S slacs y 0 LSan 5 35S [A
S 5 63,5 Lol T(PLGA) dwl SISO sy L
e s Solda JUBS (Sdman S Gl pp e m
Lo Fo salo CoyjpalS a5 WS35 5158 T s S

£y


http://dx.doi.org/10.47176/jame.39.1.20571
https://dorl.net/dor/20.1001.1.2251600.1399.39.1.5.3

[ DOR: 20.1001.1.2251600.1399.39.1.5.3 ]

[ DOI: 10.47176/jame.39.1.20571 ]

[[TTE

{ sHOwWa
)

M%‘MdulsC,.?\..ad‘ﬁeMJj)Q)yq(yjch..ﬁQ)yq(J|J&Jr}s—\ JS.:

L CD ol Cde osle ol bl cle il aslanal &3 40
&_J a.,\_Sl.nu.'él.g BE-Ly r.)& eead u,:il.:_ by 5 u:,ih;
Cmwddny 5 S5 Gl 5l da VO] ol 4 g0l Cla.m 53 o3l
s sl ealital L as pal gl s gdman 31 Ol
Sy Ise 03 osabse 5 slohad as Ay
s Sl JUK 5 s s Gldg 0sSY LS

GRS 9y 9 390 Y

o3l 35 58 Sl 5o 5 4ol 3l ge ——Y

S e Gl SR Ol gea IS 058 50 SRy cnl o
3 e VO Culies U JS0 058 Al enlinal (gdaans
Ao PPT  >Q4/A) jn e o, SYYe b S
JS) oy ISSe et o laaSS 4 (o Henzen S 5
JS2) as elel bt 5 ) S gt e 5 (il -
Lol o oy o 51 318 52 sl ()
5301 s 4S A eslizul (ICVD) W1 o2ube S ot
J5UI 3 6 s 0555 Wt gas ol 0 a3l 0LES (V) S
Cmlgins 5 el Sl Il 423510 Sokeay 5 A S 15
s 3 3555 Sl A5 s 55 00 Sl s

s esls 13 ICVD

A

cml 4oy sl g bl e (CVD) “bu ol
b S 3 gk axs s Vo odS L 318 Wy 5 Wy
Sl g e amiS shlge a5 LY Y ]
cotlo gl 05SL CVD ossa odd atle 618 05
ol 5 el 4 )5 eslinal 350 ae oldas JUIS
L nan 535wl mae Colia JUB el Ry
RS s sl eslinad b bl o 815 J5us CVD s,
= sl by cws L8 B CVD Sl ol
Gk i S Sl esli il Gy bae il ol O
sl eslanal la ey Ol Sl ad sleldy s S
J—d3a s PCL ol ¢ me Culla JLSIS el o
sooslinal 53 ol (w5 (s p by A
ol asls 5 1 el cpimeen s O] b 4 e
5 o Glal ol e 5 sln 1 esle ol Sl eslizud (FDA)
D] o35 4l 5
DS Wl 5 s Colds JUK cxle iagn opl s
e s o L g (1S S s gdaan
52 st JSG 8 65, (ICVD) 7 L1 (5l STL b
Foow G315 i sl bais | giiess IS0 Gl ad e
Slids ST 55 555 ealizal Lslows asle G 31 el o
55 Ll [N ] 555 e eslizad (PMMA) M enl Sk e L

Lslows Y opl Olgeas (CD) 0355 Sl 51 st ol

A4 Sle o) oled 8l pwkign 53 4B iy 5l se


http://dx.doi.org/10.47176/jame.39.1.20571
https://dorl.net/dor/20.1001.1.2251600.1399.39.1.5.3

[ DOR: 20.1001.1.2251600.1399.39.1.5.3 ]

[ DOI: 10.47176/jame.39.1.20571 |

ICVD o8 p peai -Y K3

1400
1200 - S ol Sldas St
10 min 30 min
-+ T >
1 | |
] | 1 1
1000 ! | |
_— 1 ! 1
U 1 1 1
o 1 1 1
~ 800 - i Ar I i
: - H: ! :
= 1 1 1
= | | H2+ CHa4 I
(=T
= 1 1 1
b 1 1 1
- i Ce ol | ! !
A i 5l e 5B | I |
400 - 1 1 1
. 1 1 1
3 min ! ! ' Ar+Hz
200 : : :
aldime QA jel Ar ] |
1 1 1
30 tmin | 1 1
0 T T T — T ! T T — T 1
] 10 20 30 40 50 60 70 80 90 100
Time (min)

ICVD b 031 5 s gl Obo) —los gowin Y K3

g bl (V) Jader s JLs (7)) IS8 5 Ol —Les

Stnan 315 2l Sl —¥-Y
2 as Solda U cole e o 5 AL s 0 e

G 5 P el Al i e ey /g 318 w0l

A4 Sler o) oled 8 o pwkign 53 4B iy 5l se

i 1S o XY
0353 030 Lo 3 A 223108 231 8 &5 50 0955 b gad ]
PP Y DIV Y-S (F P RO SRt BESR PPN
4> Yo Sodan s Sl 5l dhdons 035 5l sl NS00
Lis 5ol Sl s ey Salens Msds )

e b 1S A Al b Of Sl dey LS e S (50,

ai


http://dx.doi.org/10.47176/jame.39.1.20571
https://dorl.net/dor/20.1001.1.2251600.1399.39.1.5.3

[ DOR: 20.1001.1.2251600.1399.39.1.5.3 ]

[ DOI: 10.47176/jame.39.1.20571 |

ICVD L 31 8 5o (sla byl -\ g

(4ss) (s> o xS o) Gl ko) (1S ke arss) (aids o xS )
Y X 5 Yene N CH-1080

s [ Ghmsans 3l 5y amlS Sl —F-Y
G50 33 3 ey /8, S e b s pelS Sty batea
osli ol C 35l Sl (gl (o 9ab ge 5 (Glo ks as iy
L 3 ko o 3l sl sy gl g 315 05 Tl s
S i (58 A3 SO 0SS b J gl 5l eslined
S mliles (1S e sl P nl A Aty sl b
35 s 35 esliad LB wmtls oS 318 slaeY sl
DLl YL slabes (gl s Lol s o eyl o, lab 55 3 s
i LS Sl e o bl )y (gl as ity
S ) A IS s il s rKk:M\ 4 god (Glo ,lad
3 et s (gle o oas rdg b e S Ml S 85 iy
23 Gosabss Lllohad s, bpss dl> e as fdigy e
aged 555 JLs (OS5 58 L S5 Ao @) g2 J sl
Sles 53 (PSS D53 dpn )2 SUd Sl e 2ol S
sh iz oS Hiba b s 513815 sl a5 YO
Lol b S 5olS ol amalie ) glens (e
S s S e 58 Sl el L 0SS s
Sy A b s atle (318 050) 058V 8 L
A3 gy Isdee 0505 JSU s SOl Al 5 i
5 0d S Sl ey 5 b ek s OaSY s IS L S5
s 0313 513 L IS5 Bl 5 gl sl e (S s
1S (V) Jsdr o oLl HCI 5 FeCly sLad yoms 3

.MJL;O olis b ol 4l dLAM}N
a}‘; c,d_,#ls 5 SA—rd—w dﬁ‘; JL‘EW‘:"‘ -0-Y
OS5 A Gy /s

S Slmpan 1S (bl ) sy 0L, LT S

0

53 st i ghman 1S Sl &S (g ba s SO
S S s S Y s Jald oS e e
L (FeCls) oyl d IS Jghome) S5 2l home 0553 en
035 34 (Jskms 53 ) 31 oS 5 & 5 (HCD oo S
DY S Sl eslanal 4 L 1S kel Lais gl 5
Sl eVlae 55 a5 d e odel Lilowe Y 4 S Conl dail
o St [ty | oty 5 il Ly
S i ol 53 DNV A s ssli_l (PMMA)
S (CD) 018355 40 .3 oslizad (CraHag) 018353 IS0 L
53 L sy J1 5 oyt ol Tiglas o Sy
Sl o SAY 3505) ol S e el BT sl
VU Sl lid 5 andls (S Sl axn Ao glos 3 S
(1,8 sSlw azn Voo glas 3 Il LS YY) 550)
se e g3 3,8 sl s PV (slos 53 esle ol 3l
o) s cml s VIV O iy bl oS b
S S A s (o 5o (B 0200 IS (Dl ea
o Besad rasgy nl 53 V0] s e i S sbay
03 5 Ol AS (65 53 O35 JSG e J s 0505 52 )
dpd s OT = B 23 8 15 ol 3 e 5
ssabse (s A3 Vo) FeCls J st 05,5 <l
L e o5l O Jsbomn 51 Laad sal IS5 G 1y ks
A3 )2 ) HOL J g homs 0553 s 5 A a2 e O
St a5 aps e osls 13 ol S tows (G35
HCT ks 51 18 g5 g 355 B oy b (55
05 oS S 0555 ke Ol b e Sl ey 5 0l 2l
ol 03 0, e 1 el S Sodeay s Fo gles

A4 Sle o) oled 8l pwkign 53 4B iy 5l se


http://dx.doi.org/10.47176/jame.39.1.20571
https://dorl.net/dor/20.1001.1.2251600.1399.39.1.5.3

[ DOR: 20.1001.1.2251600.1399.39.1.5.3 ]

[ DOI: 10.47176/jame.39.1.20571 |

s Culda JUIS slad god A4S Y J g

PCL Jlme S 5

C»&Ln‘)i))

& gos IS

I8 A 9

A3 b s —lils g 31 S £ 5 Gloylad as i

Drop-1080

S8 de)d 93 1sle o

sl 4= u_el)fw_e ok se /glo Jas as 2y

I 20> e (Sosab s

Drop & dip-1080

U}TSY}J.;S‘;L“ v.')j J"’)’C‘:’

Sosibse s s PCL scaffold
Olwy IS g5 55
400
2250 350 G
~ 300
=
- 200 3
E 250
150 8 200 2D
~ g 9
g s E 1504
- 100 Z 100
E G’
50
- 50
0 T T T T T 1
1000 1500 2000 2500 3000 3500 4000
-0

Raman shift (cm'l)
]

é‘ﬁébkjé\°/\° 6'.#})3Js:sf}éd_’)hu}:&dOé‘;j‘djjs@j&j&ﬁj@(?}bb‘)ﬁti(d‘-fJg

o 5 (S s Dy sma) Coldia JUIS lads gad
A s Wk sl 250345 (gl 5 eslizal Instron 3366
o 5 e YETD Uy a1
S50 e S g 50 Sl eslinal b 5 a4 20 Le /0
e S s G oS s e 28 515 Gl
9 Jlasl L Ol sen Lawi sad S Sl Conglin 3 g 43S
5 RS m S e D o S A (5 S el

Aol s o S —Cwslie iman

Loy g s Y
PSws S 5 Olaly SIUT L sdd i dmsan (315
b () Ko a5 515 bl s 7 sy S Sl
S | CH-1080 45y Oaly G 5 5 sy sSans Sn

A4 Sler o) oled 8 o pwkign 53 4B iy 5l se

oS Sy poin Ll e BT pl meen S eslizad ol
ol o e ol 1 Ll (oltle gla e 5 LaaY sl
HORIBA Scientific LabRAM HR 0Ll o8z 31 jia s
A eslicul o5 Olympus BX41 © Sy Sor 4 3420 45
Tl S 5 el e sLOYY el el 55 50 Ik
Voo plaSin b e S SO dsba slabt 53, 450
e 5 S5 8050 eeop bl addllas gl S e
Lot pod 5 gl 315 0 58 slad sai (sla Jsudo o1
P S sy G oS S 5l 5 elS
Gemini-LEO 1530, olLJi ,, iS Ziess oS & sl
S S e300 s tiea . esla ! (Equipped to Inlense)
A esleis| Image J )\Jé\rj} S s Jdss
oA e 5 (SOLSG Sy ol )yl

55


http://dx.doi.org/10.47176/jame.39.1.20571
https://dorl.net/dor/20.1001.1.2251600.1399.39.1.5.3

[ DOR: 20.1001.1.2251600.1399.39.1.5.3 ]

[ DOI: 10.47176/jame.39.1.20571 |

<

BL bbf&']l.w 4?):\°I\° 6UAJ:J$=J€}5 S o.LJJ.Z—aO.‘S‘J.fj‘ L;;‘J.:.AJ-:-;‘;:.’_,J d}jﬁ‘ @J&j&ﬁjw’—op
mdu&uﬁ&

Syl VL Ssles Gty (e Sl 5 Yo 550>) Cand SO
128 2D 5 G glakly Lol CH-1080 & 5ol Olil, ik
osbas D ol Cud syl ss s Dl sl Sl ol
ol I 5 VAT 358 o 03l s 46300 Slbie &y i
a3 5 S Slacas Sledd S5 1S oS das e 0L
sho/lo Comd pmimman 5l GV (S 4 ys s ooy
CH-1080 4 s (5l (FWHM) ¢l ay 5Slo a3 gy
Ol e 2D slads sl pls Ll VY 5 0/¥8 L S
CNST 1S 4 s 658, 2 FWHM piman 5 G 43
aS b 8 am Olg o pl by gl (e Sl 5 Ve 550)
Sl o5 s b Vi S L 181 S el S
CiS Ul e S S sbar 550 3y sl slawY o
Lt Sl gy 5 4V 31,5 3 (sl lad sl
5 ooyt e sdalie Ol sla s 31 45 sb0las [T1]
03 bl lace a8 das o OLES (ol g 4Bl 5 5> 5 2D
IOF] ol YU o5 e 305 aadlas S 5 0 i Lo
LS SMer JeeS s G5 S S sl
Sl s 58 eal) A 55 (S5 0l 02l A
ol sl el Olis (O) J& 3 (A VL?‘;‘ MGy s
3y oS (S Y 5 5 1S S p IS
S ke 5l SO a0 s e b e Aol

Y

a3 )05 Dime 5 asede B 53 (31 S Qb ovie das e
Cndgo 45 (2o Sl 5 YVoo) 2D 5 (e il 2 YOAV) G
g ol 5 ales)) slp Lls e byl 5 (5,0 dadls
g LS Gl 53 NIV 518 ] s eslinal il
W0 D WL e Ko sladil 31 & 5 ccws ol o
(e ol o YF0) G (e il V8Ye) D (o il
3pd e sl 55 [To] (e sle » YA0) D 5 [V4 5 \A]
SIS Ol cids glaals 51 W1y e sdaie SledIbl [TV ]
&= 2D = G slads Soud o [YY 5 VAT LT csay
S5 S Vi (1S sl s 5 s VST IS
(FWHM) L5l pas 3SLs aasd 3 Ligy oean (O
Sl e Sl 2l 2D a3 JSd 5 Dd s (el e
C e el 3 Sl o s S sy lassis
Cowlods 258 LYY 5 Y)Y A ol 28 3 ksl s
Lp/lG G 555 o o3lial 31 8 s gl s Ol I 35
PSS LS Gl e S0 e
S 035 g 55 Oaly T o iy Vol
S 3 S el e 5 ) ey (pl
ol o3 g e sl il Jl S L IS Y 5 sy
D] 555 e JSKE5 318 51 (6 ni sbaaY slas Ls Joms
VSl 5 B8 532D s Comdge 45 ol S3a 05

A4 Sle o) oled 8l pwkign 53 4B iy 5l se


http://dx.doi.org/10.47176/jame.39.1.20571
https://dorl.net/dor/20.1001.1.2251600.1399.39.1.5.3

[ DOR: 20.1001.1.2251600.1399.39.1.5.3 ]

[ DOI: 10.47176/jame.39.1.20571 ]

Glaasll spst on 555l (s S 5l o (g ey
S Jb g G Gl s ey (gdman Hl L
3 G sl e JUiml Syl ) aS g, e ol 0
S Syl (V) S8 LS Jee ot 5 O3S
Drop- as gai Ayl 51 Sl JeS sy Sl
|y Gl ok 03l i gy (slo ks oy yurts 4, 35 45 1080
5 Sl st SlS gdman o3l S Skl das e OLES
b ol slaetld mh s Sl 2 2l s
P T SO U3 TR PN EI L INC PRE N
el dalie LG 55
S8 sy S S e bt (A) IS
5 le, s is, L oS |, Drop& dip -1080 4 sei Sl
4S Gl e ledas e 0L Gl ol st (55 54b 58
Jems 55 L 5 ey Ly 4 s 5l Slodas i sy
5 Sl oyl stalie B 31, (L il
b st 3 e 0l il gl JUS S S
Sl 0 Sl g 4 S Cvn (o0L 5 Ollas 3 S
ol S s Ll o o3l 13 sl 355 1 Laas
oy Ol e 48w sl Ku S 5l ladlas
=l Jlss s e sl ) (it glac s
ol slie 53l 3 [Y0] 35 e eslinal oS Sl sl
Sl part o 5 Ol § 58 cnae £ 4w SS
Lo S o et i 5 e Jho 50 Dl (S350
= TECM) S by Sl sl sse 0 50 S

\Y"\‘\ )L@-g c\ e‘)l.aw.:: J’q JL»: cdw..l...@.a DL w% J‘jﬂ

Ao e 55 opl by YU Ol S5 op S Il B &8 o
ol an s (1) adsbee b IS Y 55 (6, Ole A3,
CAD 3 s tl o (b S (0 3580 SO o D502 0 005
LY S 5 el S5 e i o Sl ed o S
Jis S L IS5 55 48 asls 0L Sl s o |, 31 S
JSis i 318 Y sl baias 5 badls e OG5
53303 sy s (1S glaaY slas 5l gles sdoee 5355 o0
Jo b by Wl Sy 1SS 55 315 e
S S N slias bl 2 55 5 e 1S
Sy Jeme U Laalils o gblie ol agas s sbay o
S S35 2S5 5 e emed Y] L Lasils
Coal s (3158 s (0 =0 ISK8) 558 s odalie & gl
SOl o mha (555 0 sl LS 5 5 SASs
e JS3 1S 5 IS AN 5 e Gl Bl e

VY] e
CH, —> C+2H, (V)
Sl oS (s G5 S S p e () S
S s bolen das e DL |y el 4l (6 pany Sl
o35 b dilon (gl ol Sl 553 e salia
s b g ek b E Sl S s S el IS
JUS I3 ileile 3L Jbt 55 Sl i 5l 5 5 Sl 0
(oS Je pla s L 055N LS 5l ol
) sl U Ll [YF] ol ol 4l o 5 iy 5 6,5 B

C;—m.{)‘b A_)_i‘ Ry oS rbu‘)l.g U'i‘ jﬁ‘ d‘j“;bg;Lg’:’f}g

FA


http://dx.doi.org/10.47176/jame.39.1.20571
https://dorl.net/dor/20.1001.1.2251600.1399.39.1.5.3

[ DOR: 20.1001.1.2251600.1399.39.1.5.3 ]

[ DOI: 10.47176/jame.39.1.20571 ]

Drop-1080 & se 51 Sl JmS ciu9) S9N g sKuy S ges -V K3

Ghls o iS5 olis Sl o la e 518 6 5
5 J b kS TP 5 ISl VY s KL Jsd
5 Sl Il kS FA il 228 Sl s ol oS
35 S irmen XS s Jos g oLEE DIl s e
Lol 0 bulyea Joa (23S 53 p 5 plSouul oS
Sl a5l aS 53l o 3B 1) basls oS el 51 S
iS5y ) esdle [YV] &S eslizal 31 S lasin
YO amio S 3 (515 055 CanSh S 0l Ol 1S e 0
Sl 1,8 0 s 5 aS S e SV l e e 5 4o
Il pys 1S 5 sb 51 Lo 5 g0 5 50 (sl
DS e bl 53 e Shew S A3 sdalia Ll [V] s

ML.»:ﬂL w(;éu@)_})o.))? JJS u_‘)‘ﬁ L;LAA}L&JSA

4

S Al i ae ol 5038 i el 5 O3NS
G S o3l Sl sl el )b slie (F) i s [Y#]
(SR e 03 e DUl glacas ol el
el ol Sl s 31, S e 5 SOLS ol
33 8l SOle Lolg polis 3 s edalie &S boles
Somas S fzen 5 (S55) Ol S5 sl ase
Ssbite (ol s s 5 St i) s Ol g 5
e S olps aS ol osly OLiS Ola .ol
Laesls auslie ol sl ccl 50s 5 Oludl a4 S g
IYF] ol e S 5t e |
(0 Jsdr 53 5 bl (315 08 (SO ol
AS sls DL 0L 5 sl Sl s ol o &)

\ya4 )L@.g A o)l.a.«j: AR JLw cw.l.'..@.a BE) WM J\f


http://dx.doi.org/10.47176/jame.39.1.20571
https://dorl.net/dor/20.1001.1.2251600.1399.39.1.5.3

[ DOR: 20.1001.1.2251600.1399.39.1.5.3 ]

[ DOI: 10.47176/jame.39.1.20571 |

Ghraw o3l 5 5 Calises Sl g 53 cars L SO Sls s Y J g

Can glie 23 S S oSl Kb e
& Oy ¢ 5 _ _ ol /mas s oslad
((,.M) Sl S (JKLLs) ol i entey
[Y?] _ 6}} °/Y‘~ i"/"/\ \/YY‘ i°/\Y‘ V/VO i\/Y? Peroneal \
[Y£] B S o/ o/ o/AY 0/Yq V/EY £1/84 Tibial Y
. Fresh sciatic
Yo | i o /AN YV °/OA Y
[Ve] B S s nerves
. Acellular sciatic
Yo [JESIER o/fA \/¥ °/OV ¥
AN — = o nerves
[vo] B SoS o/fe ko/oY o/AY o/ VWY sciatic nerve o
Srts 315
[vv] o/o() o/oofA o /Y #

S Oy o ol gy Al e il 33 Drop &dip-1080
SIS Sl ol s 3 e e Jod
Jss des s falS 4 (g sba conl sis el ol
ISP PR WO JO NS PP
JEblKs o0 5l ol 228 ol (il (SOl
S Il VA 55 4 055V ,LS L JUK (6l
S o (selS slad sas

sl at L 5elS GladUS Sole ol acslie
Ol (Coul ol S8 Y Jsds 53 45) S e b
Ol 5 5)LS (gl o 05 5elS Colds (gladUS oS das o
Dged A0l Jgd BB U ol gt e Sylia JUS
odd a5 9abse 5 glo, L8 S5, Ly a5 Drop &dip
o= e dsad bl g i s L8 LB el
JUI S Ol onl by 2 om0y (2ed L 5 0l
slad b b oladlls @ 5l w155y dsb b ool
g S S

wtle gladgad 5l plS a6l Sl glas slas
JUK ol sis () Jadr 55 50 s cpl s el
(dsan 31,8 0500) 058V 8 L 5l el il Colia
Egliin SLadUS Ll 5,0 S S0l s o5 S
JUE S S o slie s (g3la ok a5 5lS

L;VJJL_geJ_.i S J:“—":‘j" 4...:}&.: (.;‘J—’ ol axlu C,.i‘.,\.h

A4 Sler o) oled 8 o pwkign 53 4B iy 5l se

Jossi 1y Lol 61 8 laasls 5l S s S s b
JEX ST ISR S JE It Ui
sedd Ll vy i )b feos a0 e AL axdls
Sl dman 81,8 (SO Sl gt ol pLs
e sbaasr s sl 5o b JUE) pramas [YV] das e
Glazio SzVl e 5o dle (2515 055 (sls 5 Joate
dn S galS ol IS el Wil e T VL
o3larl (1S e b St nl ply s R8I (g ey
Syme e SKo B aul5bl el g esls |y S5 Ol sl
ol i am s L YA el 31,5 08 a0l 5 aelS
bsls ot 31,8 o 5d S ol paside ol plail Slidos
SIS s ks Sl S Lz 3l a8 St leSe
Ol (Sl Slo sas 5 A8 o Jomsd |y (g35kmn 25 S
LYA] a5 Co s oy b (ilu s 5l8 b by
bl gladpos SOl SO ol oY) Jgie
Ol Ladigad Jodos Ao ol jen 4 1) sy ol 5o ol
3l s a3 #Y/0 08V 5 LS L JUK s
5 Drop-1080 5 5l S glad gol |l Ao &S Jb> o
oealS U3 V0 5 YOO 4 5 54y Drop &dip-1080
o/PY 3l edd antla lad s Kb dsde pwizeen L 0
YA 5 VY w048V LS L JUE ol S
5 Drop-1080 x5 5l S sLadUls (gl o ey JISubKa


http://dx.doi.org/10.47176/jame.39.1.20571
https://dorl.net/dor/20.1001.1.2251600.1399.39.1.5.3

[ DOR: 20.1001.1.2251600.1399.39.1.5.3 ]

[ DOI: 10.47176/jame.39.1.20571 |

ol Al 35emlS Culda LI Sl g SGOIKe Ol g —F J g

v_iij:_ij\@jbu o ) R . &L@Mrm‘ &EJ)JA o
J>=L>u J\-J)) w&.« BE) w; ~ P 4 g LY
(2D (UL (UL
Over load FY/0 X Y/A o/\\ ofof °/FY PCL scaffold
Y YO/0 £ /0 Y V/AO Y/VY Drop-1080
YO W00 Y /Ao Y/4e Drop &dip-1080

[\

1
[\S]

(e
N
~

Tensile stress [MPa]
S

Strain [%]

0 0.2 0.4 0.6

0.8 1 1.2

Strain [%]
Drop-Dip-1080 %5 S — S xS cwjlie o (0 g 36 S- 50 oww (-4 IS

Q}uﬂju&uu@ﬁc&xﬁ |@.L€_':)J_9:)J&aaj

S o SRl g S

S S 4o -
Slmtan 3,5 a0l e Sl JUE (Rassy nl s
HUT s el Jlsn plard Gy iy bodd 2
VA Oy gods ol i 81,8 a8 sl LIS el s Ol
A oS S pslal il 0 S s s L
lAad 03 gl e a4 S digy 505 Gble e o)
ey Sl eslaal sl QLIS 1 a5l Kws o31,S claaY
Oy il O3 IS Gl Ol O83 55 IS L Laslovs
Pl g S Al Gl 1S Sl 4
e JUIS sls 0L ol il oas culia sl U
sdc aml SJUS Ll 3l lis 055V 58 L 5l el
M S anlie 08V 8 L/ siman 3155

\A

Sosabse /glolad Sy Laddenls Ldg 4 ged 5 o jad
L SOl olp anlio b cpl ol ol pay Sos 5
Olgs g0 odd atle Colus JUS' L Jadr 5 ol &) Coae
L ey /gdman 1Sl ol e cylis JUIS oS
Sl b SO Dl gas (5 5ab s 5 o kB s
ol oDl Ll sdd aad s e 5 s eslind
s Colda JUIS ltla e 5 sdaw 31 S s
3 350 LS 5 i S Sl ol Rl sl
Al anals Jlsan | Lo ST At 5 e oo 5 Ayl b
L oS mmmslie 5 (25,5 A5 owe (1) IS e
gy aslie U das e 0L Drop &dip-1080 4 se5 (sl 5
f 5 4 gas oSl &S (glod sdome 3 S Ol e s somie
03 AS e L;,il}_élgéjfi @ ged Cooglie (AS o JalS w
o s g5 3 818 laasls (228 (65,0 Jlasl L 515

ﬁdjjlﬂl&fb‘jﬁgjw\wjeéﬁﬁmﬂuv\d

A4 Sle o) oled 8l pwkign 53 4B iy 5l se


http://dx.doi.org/10.47176/jame.39.1.20571
https://dorl.net/dor/20.1001.1.2251600.1399.39.1.5.3

[ DOR: 20.1001.1.2251600.1399.39.1.5.3 ]

[ DOI: 10.47176/jame.39.1.20571 |

Byhr 5 selS SLAUE (sl JSCLL IS YVY

‘;;‘.)JJEJJS—:J
3l Colam Wsas 5588 0l St sy 51 Colam Gt |

B SRl s

graphene flakes

polylacticoglolic acid (PLGA)

layer by layer coating

polycaprolactone (PCL)

polyglycolide acid/Polydopamine (PGA/PDA)
in vivo

in vitro

chemical vapor deposition (CVD)

food and drug administration (FDA)

A N ARl e

1. Kayhan, E., “Graphene: Synthesis, Characterization,
Properties and Functional Behavior as Catalyst
Support and Gas Sensor”, Ms.c Thesis, Department
of Chemistry, Technical University of Darmstadt,
2013.

2. Sharon, M., Shinohara, H., and Tiwari, A.,
Graphene: An Introduction to the Fundamentals and
Industrial Applications, New Jersey: Wiley, ISBN:
978-1-118-84256-0, 2015.

3. Sharma, D., “Chemical Vapor Deposition of
Graphene on a Dielectric Subbstrate and Its
Characterization”, MSc Thesis, University of Eastern
Finland, Department of Physics and Mathematics,
2012.

4. Li, N., Zhang, Q., Gao, S., Song, Q., Huang, R.,
Wang, L., Liu, L., Dai, J., Tang, M., and Cheng, G.,
“Three-Dimensional ~ Graphene Foam as a
Biocompatible and Conductive Scaffold for Neural
Stem Cells”, Scientific Reports, Vol. 3, pp. 1-6,2013.

5. 5. Golafshan, N., Kharaziha, M., and Fathi, M.,
“Tough and Conductive Hybrid Graphene-PVA:
Alginate Fibrous Scaffolds for Engineering Neural
Construct”, Carbon, Vol. 111, pp. 752-763, 2017.

6. Hong, S. W, Lee, J., Kang, S. H.,, Hwang, E. Y.,
Hwang, Y. S., Lee, M. H., Han, D. W, and Park, J.
C., “Enhanced Neural Cell Adhesion and Neurite
Outgrowth  on  Graphene-Based  Biomimetic

A4 Sler o) oled 8 o pwkign 53 4B iy 5l se

BIS sam das e LIS pl 5 Ll <ﬁH~Y 33d>) oub
Olbsl g eas JUI oSl colas ulil el gdagan

bug,wsi.u”wﬁ;@; Sopr ol ol &S 35, 0
31y OLE bt goi SO ol gt o AL axils Jlisa
Sl e (i selS ol L L s rals
soloF 35 5l g Kb dsde 5 olg 5SSl
3 VA0 3505 058V 15 L JUS (¢l JSKLLKs o/8Y

aaliolg
10. induction chemical vapor deposition (ICVD(

11. poly methyl methacrylate (PMMA)

12. Cyclododecane

13. cyclic hydrocarbon

14. free-standing

15.field emission scanning electron microscope
(FESEM)

16. scanning electron microscope (SEM)

17. turbostratic

e
Substrates”, BioMed Research International, Vol.
2014, pp. 1-8, 2014.

7. Yuan, W., “An 4?%bvcntegrated Multi-Layer
3D-Fabrication of PDA/RGD Coated Graphene
Loaded PCL Nanoscaffold for Peripheral Nerve
Restoration”, Nature Communications, Vol. 9, No.
323, pp. 1-16, 2018.

8. Jakus, A. E., Secor, E. B., Rutz, A. L., Jordan, S.
W., Hersam, M. -C., and Shah, R. -N., “Three
Dimensional Printing of High-Content Graphene
Scaffolds  for  Electronic and Biomedical
Applications”, American Chemical Society, Vol. 9,
pp. 4636-4648, 2015.

9. Qin, Z., Jung, G. S., Kang, M. J., and Buehler, M.,
“The Mechanics and Design of a Lightweight
Three-Dimensional Graphene Assembly”, Science
Advanced, Vol. 3, e1601536, 2017.

10. Min, Z., Wen-Long, W., and Xue-Dong, B.,
“Preparing Three-Dimensional Graphene
Architectures: Review of Recent Developments”,
Chinese Physics B, Vol. 22, No. 9, pp. 1-6, 2013.

11. Chen, Z., Ren, W., Gao, L., Liu, B., Pei, S., and
Cheng, H. M., “Three-Dimensional Flexible and
Conductive Interconnected Graphene Networks
Grown by Chemical Vapour Deposition”, Nature
Materials, Vol. 10, pp. 424-428, 2011.

12. Lai, Y. C., Yu, S. C., Rafailov, P. M., Vlaikova, E.,

\Al


http://dx.doi.org/10.47176/jame.39.1.20571
https://dorl.net/dor/20.1001.1.2251600.1399.39.1.5.3

[ DOR: 20.1001.1.2251600.1399.39.1.5.3 ]

[ DOI: 10.47176/jame.39.1.20571 |

13.

14.

15.

16.

17.

18.

19.

20.

21.

\43

Valkov, S., Petrov, S., Koprinarova, J., Terziyska,
P., Marinova, V., Lin, S. -H., Yu, P., Chi, G. -C,,
Dimitrov, D., and Gospodinov, M. M., “Chemical
Vapour Deposition Growth of Graphene Layers on
Metal Substrates”, Journal of Physics: Conference
Series, Vol. 558, p. € 012059, 2014.

Trinsoutrot, P., Vergnes, H., and Caussat, B., “Three
Dimensional Graphene Synthesis on Nickel Foam
by Chemical Vapor Deposition from Ethylene”,
Materials Science and Engineering: B, Vol. 179, pp.
12-16, 2014.

Kehoe, S., Zhang, X. F., and Boyd, D., “FDA
Approved Guidance Conduits and Wraps for
Peripheral Nerve Injury: A Review of Materials and
Efficacy”, Injury, Vol. 43, pp. 553-572, 2012.
Capasso, A., De Francesco, M., Leoni, E.,
Dikonimos, T., Buonocore, F., Lancellotti, L.,
Bobeico, E., Sarto, M. S., Tamburrano, A., De
Bellis, G., and Lisi, N., “Cyclododecane as Support
Material for Clean and Facile Transfer of Large-
Area few-Layer Graphene”, Applied Physics
Letters, Vol. 105, No. 11, p. 113101, 2014.

Tan, A. “Optimization of Chemical Vapor
Deposition Grown Graphene”, Ph.D. Thesis,
Department of Physics, Linfield College,

McMinnville, 2014.

Pollard, B., “Growing Graphene via Chemical
Vapor Deposition”, Ph.D. Thesis, Department of
Physics, Pomona College, 2011.

Malard, L. M., Pimenta, M. A., Dresselhaus, G., and
Dresselhaus, M. S., “Raman Spectroscopy in
Graphene”, Physics Reports, Vol. 473, No. 5-6, pp.
51-87, 2009.

Ferrari, A. C., “Determination of Bonding in
Diamond-Like Carbon by Raman Spectroscopy”,
Diamond and Related Materials, Vol. 11, pp. 1053-
1061, 2002.

Hawaldar, R., Merino, P., Correia, M. R., Bdikin, 1.,
Gracio, J., Mendez, J., Martin-Gago, J. A., and
Singh, M. K., “Large-Area High-Throughput
Synthesis of Monolayer Graphene Sheet by Hot
Filament Thermal Chemical Vapor Deposition”,
Scientific Reports, Vol. 2, p. 682, 2012.

Habibi, A., Khoie, A., FarzadMahboubi, S. M. M.,
and Urgen, M., “Fast Synthesis of Turbostratic

22.

23.

24.

25.

26.

27.

28.

29.

30.

Carbon Thin Coating by Cathodic Plasma
Electrolysis”, Thin Solid Films, Vol. 621, pp. 253-258,
2017.

Ferrari, A. C., “Raman Spectroscopy of Graphene
and Graphite: Disorder, Electron-Phonon Coupling,
Doping and Nonadiabatic Effects”, Solid State
Communications, Vol. 143, No. 1-2, pp. 47-57,
2007.

Calizo, 1., Ghosh, S., Bao, W., Miao, F., Ning Lau,
C., and Balandin, A. A., “Raman Nanometrology of
Graphene: Temperature and Substrate Effects”,
Solid State Communications, Vol. 149, No. 27-28,
pp. 1132-1135, 2009.

Arslantunali, D., Dursun, T., Yucel, D., Hasirci, N.,
and Hasirci, V., “Peripheral Nerve Conduits:
Technology Update”, Medical Devices: Evidence
and Research, Vol. 7, pp. 405-524,2014.

Mekaj, A. Y., Morina, A. A., Lajqi, Sh., Manxhuka-
Kerliu, S., Kelmendi, F. -M., and Duci, S. -B.,
“Biomechanical Properties of the Sciatic Nerve
Following Repair: Effects of Topical Application of
Hyaluronic Acid or Tacrolimus”, International
Journal of Clinical and Experimental Medicine,
Vol. 8, No. 11, pp. 20218-20226, 2015.

Zilic, L., Garner, P. E., Yu, T., Roman, S., Haycock,
W.J., and Wilshaw, S -P., “An Anatomical Study of
Porcine Peripheral Nerve and Its Potential use in
Nerve Tissue Engineering”, Journal of Anatomy,
Vol. 227, pp. 302-314, 2015.

Nieto, A., Boesl, B., and Agarwal, A., “Multi-Scale
Intrinsic Deformation Mechanisms of 3D Graphene
Foam”, Carbon, Vol. 85, pp. 299-308, 2015.

Jia, J., Sun, X., Lin, X., Shen, X., Mai, Y. -W., and
Kim, J. -K., “Exceptional Electrical Conductivity
and Fracture Resistance of 3D Interconnected
Graphene Foam/Epoxy Composites”, 4CS Nano,
Vol. 8, No. 6, pp. 5774-5783, 2014.

Idowu, A., Boesl, B., and Agarwal, A., “3D
Graphene Foam-Reinforced Polymer Composites —
A Review”, Carbon, Vol. 135, pp. 52-71, 2018.
Borschel, H. G., Kia, F. K., Kuzon, M. W., and
Dennis, G. R., “Mechanical Properties of Acellular
Peripheral Nerve”, Journal of Surgical Research,
Vol. 114, No. 2, pp. 133-139, 2003.

A4 Sle o) oled 8l pwkign 53 4B iy 5l se


http://dx.doi.org/10.47176/jame.39.1.20571
https://dorl.net/dor/20.1001.1.2251600.1399.39.1.5.3
http://www.tcpdf.org

