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Abstract: Recently, an electrospinning process, which is one of various nanotechnologies, has been used
in fabricating micro/nanosized fibers. The fabricated electrospun micro/nanofibers has been widely applied
in biomedical applications, specially in tissue regeneration. In this study, we fabricated highly aligned
electrospun biodegradable and biocompatible poly (e—caprolactone) (PCL) micro/nanofibers by using a
modified electrospinning process supplemented with a complex electric field. From this process, we can attain
highly aligned electrospun nanofibers compared to that fabricated with the normal electrospinning process.
To observe the feasibility of the highly aligned electrospun mat as a biomedical scaffold, nerve cells (PC—
12) was cultured and it was found that the cells those were well oriented to the direction of aligned fibers.

Keywords: a complex field electrospinning process, micro/nanofiber, poly (e—caprolactone), nerve cells.
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ME. 2 A= 17 wt%e] PCL(M4=60000, Aldrich)-&
A2 ARSIl o, frlZ+= DMF (V,N—dimethyl formamide,
junsei chemical co.) 2F MC (methylene chloride, junsei chemical
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Figure 1. Schematics of (a) a normal electrospinning process;
(b) an AC—Field—controllable electrospinning process.
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Figure 2. Schematic description of the alignment of elec—
trospun fibers in an electric field.
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Figure 3. Initial jets for (a) a normal electrospinning process;
(b) a complex field electrospinning process.
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Figure 4. SEM photographs of (a) nanofibers electrospun with
a normal electrospinning; (b) with an AC field controllable
electrospinning process.
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Figure 5. Alignment of nanofibers electrospun with a normal electrospinning (a); AC field controllable electrospinning (b).
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Figure 6. The average diameter distribution of electrospun fibers for a normal electrospinning process ((a) and (¢)) and for a

modified electrospinning process ((b) and (d)).

o GOl Aae Be o 4 Ak
ol RS B Ao caao% Aol

Az ot 54

Fajo] 73] o)

A1) stretching 4
ok, olgfst Avl= £ 9w
ojzfof & o7 Alm E}
Figure 72 e ARES] ARRVIE(ESHE  HEE=2%,
3.1

25 30 0= 398 207, 3]d 4989 = 3.1 m/solH
WFALE 5 kV, T 22 100 HzollM dofxl Al=E §31e]
Aojx Aot} Al AE|Q] B|AHEES 7|20 7 ZAJZ1E S

E2|H, A34¢ #A3%F, 20109

(83 mmX* 10 mm)& Y= § AHE]Q] 3w UX|skA Al
b ST dutg oz JAF EAL A9 H
(alignment) 2 i (orientation) ol &Jalix] 1 EAJo] &
wizel, vjgAdo] st WheAd o] wilEZF o =2 AR EAS
RS e 4= q1glom, o]ist o2 Figure 79 A3 dzte}

A2

=

[EPS
=4

jud)

%

o N ox

_u

P o 5 ARk
Figwre 8 e Lhel ] QRIS o ) ol 9
o] 42 WRkoR Ze Asjelck vl vheAlfel g a1

ot 2 25 1 W e A o 100 o1

o
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Table 1. Average Diameter and Standard Deviation of Electrospun
Fibers Fabricated by a Normal Electro-Spinning and a Modified
Electrospinning Process

DC field DC+AC field
Collector speed (m/s) 3.1 8.4 3.1 8.4
Diameter (um) 1.03£053 0.89£0.46 096049 0.79£0.48

12
DC 20kV, 3.1 m/s

DC 20kV, AC 5kV, 100Hz, 3.1 m/s
101

Storage modulus(MPa)
(=]
T

Sample

Figure 7. Comparison of storage moduli of electrospun nano—
fiber mats.

Table 2. Mechanical Properties of Electrospun Mats for Parallel(])
and Perpendicular(Ll) Direction to the Rolling Collector

Electrospun mat(ll)  Electrospun mat (L)

Young’s modulus (MPa) 11.6£2.3 0.9£0.1
Maximum stress (MPa) 1.2+0.1 0.4%0.2
Break strain(%) 471146 145.5%5.3
< ¢ F 3%tk
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rolling collector.
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Figure 9. SEM images of cultured PC—12 cells after 7 days on

PCL micro/nanofibrous webs fabricated with (a) a normal

electrospinning process and (b) the modified electrospinning

process under a constant speed of the rotating collector,
3.1 m/s.
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