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ABSTRACT

chemical, and topographical properties of extracellular matrix of the target

tissue is one of the main challenges in regulating cellular behaviors. For
this reason, conductive scaffolds are very much considered in the engineering
of electroactive tissues such as nerve, bone, and heart, and are the ideal tools for
transmitting the electrical signals to these tissues and regulating their cells behaviors.
On the other hand, nanostructures of conductive polymers have become a topic
of interest to many researchers, because by the combination of conductivity and
nanostructures, new functional materials are obtained with unique physicochemical
properties, which can simultaneously simulate physical and electrical properties of
the extracellular matrix. In this regard, several researchers have been working on the
design of conductive scaffolds with the consideration of topographical properties.
Conductive polymeric nanofibers are prepared using various conductive materials
and different methods. Intrinsically conductive polymers, carbon materials such as
graphene and carbon nanotubes, and metallic nanoparticles such as gold are the most
common materials used for the production of conductive polymer-based nanofibers.
This review covers the spinning of conductive polymer or the blend of carrier polymer
and conductive agents by electrospinning and wet spinning, conductive agent
deposition onto template nanofibers (in situ chemical polymerization, electrochemical
polymerization, admicellar polymerization, vapor-phase polymerization, carbon
and metal coating on nanofibers through immersion, coating of metal vapor on
nanofibers), and template-free synthesis (interface polymerization, electrochemical
polymerization) among methods of fabrication of conductive nanofibrous scaffolds
and finally their advantages and disadvantages are compared together.

Designing a biocompatible scaffold that mimics the mechanical, electrical,
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Fig. 1. Incorporation of conductive agents into polymeric nano-
fibers by three methods: (a) electrospinning of blend of carrier
polymer and conductive agents, (b) conductive agent depo-
sition onto template nanofibers, (c) template-free synthesis,
utilizing electrical stimulation and using that for engineering

of electroactive tissues such as nerve, heart, muscle, and bone.

‘Q‘ YA 92 pihs =313 30 X' 0 )losds (0939 54 Jw (posly SI99iss 9 pole (sole Alxo

e o b
Y QY e SRR
VQY oo Ll gle ol
VQY oot S5 bl gla ks
VQE vttt oo I sk

VQQ e S5 Ul slaacks
VA e S sl st
V4§ et AT S 5 ol S
O, L
STV bl i) b slacamls ctle sl s,
O bloy BUIL Sk
T, 3 S
Yuu s 20 S e ol ey B
Yot e g
Yoy e B BUIL 55 Bl Jolo pasid
YA s Ll GUI 5L LB gl ol
Yo ¥ e &S Ao
Yol e =
4o

Blod a5l 8 ol GlezdlS W5 il wdigs 3 slg G
OLdl Oy 53l 0y 5ol 3l s G Shes 5 kL)
O 3 Shes 5 Slla ool Bl 5 ane g 3 Al SlaS s
0T Sl el o3lizal 5 S e cpl Cld |3 iy 5l
GG o [V ]S o 0l g GASL 3 50 40 (934 5SS
] S8 55 Y] s badbiSw Jols Jsle 251
TPl lands 5 [F0] LSSl
2 S G o0l el ae o ) &8 gladdls
O Ry Sledbl 2l 53151 il cl sl slom| CBL wdige
o3 gladshe cwladsle 5 Lodl Il Lol o0l
ol dnea KOS glaalle ol 5l sls
IV ks 03 Dl gor g0 plad 5 Shas 3 ol 28 5955 (SO S
3 e sadde e bl 5o LSl S (SO S el
slalte Aol 18 sl sl J RS s el (glazenle
55 oy & Olgen LOT oVl 5 g S S



23 kb 4 Caes &S0 Sl 55 (CP) Lla,y sla e
s IS Jle L 3 VYA ] wgls (¢ i S0l Sl
3 55 ol 53 Sl g Gzl e 5 gla
5ot atin 5 SIS0 LU, slaaY 5w ¢lp 5L
e SHIMN T Sl a8l a5 koo slajldy g a8 J 28
DY 58 eslind Bl ool cotle gl Ol yie Ciliie
il g5 slm anle bl By glacols cllin pl o
(SUn 13 ol 68 ok (g tizns LI SL 3 bl Sl
55 el Sl 5 S e By Slo ey 5 A
Sty bl UL el gla sy s lie o
SUISE o Uy Jole pas ity (s 5 oeeon S
o2 o S gl s b e gs lend OAS aly) JJB
SISl 95 S8 5 S slse A3 A g b 3 5 (admicellar)
Osds ol 5 (GBUISE g5,y S8 Jba o fids 5 osabss L
o 31 (oot 2S5 S e Lm0 ) UL, GBI 56 LI

(Y US2) Db n ooy w3 S iten sla o

bloy (Sl youds
Jnl a5 woes adign slge 51 glates Jlad 5 xS sl g
Lol b SO s 5 plandig S (S SUl Slacss o
Sk ol Il Sl sl gas o3l ol 30U
5 Sl 5 o050 c(electrets) oo xS (15,8 5 S13) Ulay
IRFOY] s W58 50

B ele O ps Dsline pseie 5o L Bl ok Oole
3B U 5 Sl e Ll sla ios 3l S 5 355 e 03 5
ok S5 a5l S by b cliie S IS s ST
SPs bl ey Al by 658 b 3 e e Bl
Loas daen 515 blay la ek ooy axs s o0 ol
Rl A Sl g e bl 5z g35e e ek Ol e
SO S 5 eddcidr T gladlig sl s Sbog,l sla ok
Gy I 6l s (513 Ul la ks conladsl [ izasls
5Lyl Ye Slem U S sl Sasley 515 5 sbas oS dias
Sl ey [YOXF] Wgd o st oland 5 olewds S 5y
53 Al DSl 5 S S alpe 4 s (3L sLlpe Ll
Sl s e 0,50 Jlasl U S s I Bl (sl o
Sde 5 4> Soy b RS 5 o e Ay il (6 ey
53 e Dl 455 b0l S el OGS s O
IPVOAT LT e sy Ky slas lS

8L 3o 5L S 3 LS (Gl Bl (593l lalsam)ls »3 50900

b S 15w g 3)se Sl 0l slalil 4 (S S GladiSn
Bl (Sl adal s L shos S S (gl eon JUil 2l
DIV e I 5 S Slacil pkige (8l (5locieS el s,

5 GHSas a4 e bl (SO el 058
oo #Uosll a5 el (SO ol
ol 0l il O Siags bwy Jike clajli
Rl o e @ e bl AU gl
5 ke gl Lol bl dea 51 0oh Lol
5 e slse Jll s e S8 4SS sl Ch.ﬂ o lns
Slascin DA=Y] syl Joho wsy 5 St S0 Ll
Colds )3 ege B 8 (S e s ol il Jre (Ul
alies glaslis, ool S as sl (contact guidance) olas
Sl e SUI oS o pld 5 50 (S Jie S5k
Aipdgn S 3 Klueal la iSen 5 b S5 Ul
Wl AU clas dSle ey lacal s cadies
FAegE il S pme Ly ek glacss ad
o Lol slad e 5 3l gla S5 slls Lol
b b anslio 53 DY YT T lediay ago 455 o ls (lodys
Jledsl Y 5 Olgeas il 5 o Ad 5l (glacamls ot s
3l sl [TPFT S Joe ad sl onlin el o5 o 5
Aol g oS el ol )l g S a5 (3L el il 5
bad S smms s (b s by dad s (558 alem 2 0553
Copls Pllsl a4 1) bowyls g5 pl Asd Case 53 1)
Ld S gecns Sla, IS L bl b o Jbea;
Sl pll S gl ) sddeis glade Kl5 e
il slaabelr 1 x5l el s 5,5 GBI L [YOYF] aS
0t 3 2SI SUISL blse S 31T oo Dleda 5l
slid S ey Ol ele 5 Lol 3L okl 4 Ol e
ol sl ol B sl ol uls, S s 5l
a3 S o Ll i (sla Jsls il la SE L gl
sl Slas sleolul el BUISL 5L w4 o S
sbadshe o bl sl opl 0558l 055 0 Jaes 4 s
ol Bl e 53 5 Al SRl e e sbasl b el
LYVOYAT 355 oo odes lad gho sty g)ls d

ol (8L padige we) 53 ek glals S1OpsU
315 035t Shmsan Jltlo 56 B 4 ol e plonil Ly (slaglid
Bloy ok 4 ol Bloy GLISE s onlial ey L
Mol Ol s o,lal ol a4 5 5 &S djls godaze sblse

AFAA Jgapeths = 313 0 ¥ 0 lash (09 395 Jw pouly SI9I9SS 9 pole ole Ao 9y



Sl o LS ) s Llw) 293l slalasils 3 5900

Sl olagl SIS 005 ¢

Methods for fabrication of
conductive nanofibrous scaffolds

Conductive agent

Template-free
synthesis

deposition onto
template nanofibers

Spinning

Interfacial
polymerization

Coating of metal

Electrochemical

o Immersion
polymerization

Fig. 2. Methods for fabrication of conductive nanofibrous scaffolds.
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Fig. 3. The chemical structures of some of conductive poly-
mers, their discovery date, and their electrical conductivity

range [33,38,89,114,115].
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Fig. 4. Fabrication of conductive nanofibrous scaffolds by method: (a) electrospinning of blend of carrier polymer and conductive

agents and the SEM image of (PES/PANI) conductive polymeric nanofibers [13], and (b) wet spinning.
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Fig. 5. (a) Fabrication of conductive nanofibrous scaffolds through conductive agent deposition onto template nanofibers by coat-
ing of metal vapor on nanofibers and the SEM image of gold nanoparticles-coated PCL/gelatin nanofibers [81], (b) admicellar
polymerization, (c) electrochemical polymerization, (d) chemical polymerization, and (e) vapor-phase polymerization and the

SEM image of PPy-coated PAN nanofibers [108].
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[116] (b) the SEM image of PPy nanofibers which are fabri-
cated by electrochemical method [118].
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