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Electrospinning technology in tissue engineering scaffolds

Haoyi Li, Yong Liu, Xuetao He, Yumei Ding, Hua Yan, Pengcheng Xie, and Weimin Yang
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Abstract: Tissue engineering technology provides a new method to repair ill tissue and worn-out organs. In tissue engineering,
scaffolds play an important role in supporting cell growth, inducing tissue regeneration, controlling tissue structure and releasing
active factor. In the last decade, electrospinning technology developed rapidly and opened vast application fields for scaffolds. In
this review, we summarized the technological conditions of electrospinning for scaffolds, the study of electrospun fiber scaffolds
applied in tissue cell cultivation, and some new directions of electrospinning technology for scaffolds. We also addressed
development directions of electrospinning research for scaffolds.
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Fig. 1 SEM photomicrographs of cell attachment on
PLCL scaffolds after 7 days of culture!®®],
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Fig. 3 Schematic of the melt coaxial electrospinning
setup used for fabricating TiO,-PVP nanofibers loaded
with hydrocarbon PCMs™,
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Fig. 5 Hollow multilayered polyelectrolyte nanofiber
based on electrospinning method 2.

4 RGHEALTIRNANAERE

WO G5 T2 AN B 52 35 AU 8 D AR 20
ZTRPRNHETT T RAFAEER, A
T A e AR 2 2Ll 20 i B e S b B4
HLGT R AT RE o R IE BAT 5 R D) RE AR -4 Y
WL 277 AN I H Bk B O 52 R 11 A SR
A TR LT T AR WA O B
BEAUF I SR i ok T A B (R H
BRLAF AN (R RIS 2 Ak -

1) MY TARENE. HEME, LN«
AR AORTI SE N, IR R R S
T HRYi i s =Y SR T Z Mt — 20583

2) EFRII W YT 22 P Bk R R Y TR, Y
AT S 28 B 802 4 0 I R R AU R 5 18 4
AR B EURTE AR, [RIRHR AT R H 9
TELH ARSI i ] £ v 64 LA S0 B 2 A 5
X

3) HL TR S BA A B rrs A,



FFN FIHATFHRATESRHSEHBHZR

HOME AT A s AE R g T AT, o AT

i

PRE R B AR ES Gr il , RIS ST |

W e AL B LU R BESE R T, Xt 2 fL 25
BRI AR Z—

4) UM T 2 E R T T, &

W T Gizehhkl, it B iR L AR A
BT 2 SR A YA A SO 2 VR Aok
RO A I S AR s SR e e P T P AL e, ]
DADR L2900 i B DR o ) M6 7

REFERENCES

[1]

(2]

(3]

[4]

(5]

(6]

Lee JW, Lee KS, Cho N, et al. Topographical
guidance of mouse neuronal cell on SiO,
microtracks. Sens Actuators B, 2008, 128(1):
252-257.

Liao CJ, Chen CF, Chen JH, et al. Fabrication of
porous biodegradable polymer scaffolds using a
solvent merging/particulate leaching method.
Biomed Mater Res, 2002, 59(4): 676—681.
Almirall A, Larrecq G, Delgado JA,
Fabrication of temperature macroporous
hydroxyapatite scaffolds by foaming and hydrolysis
of an o-TCP paste. Biomaterials, 2004, 25(17):
3671-3680.

Kim HD, Bae EH, Kwon IC, et al. Effect of
PEG-PLLA diblock copolymer on macroporous
PLLA scaffolds by thermally induced phase
separation. Biomaterials, 2004, 25(12): 2319-2329.
Weiss P. Hot flashes, cold cut: ultrafast laser give
power tools a new edge. Sci News, 2002, 162(20):
315-318.

Li X, Wang CT. Current progress of fabricating
tissue engineering scaffold using rapid prototyping
techniques. Chin J Biotech, 2008, 24(8):
1321-1326.

R, B P BB HAR i 2H 2T AR S A
B 5¢ i J% . AR W) TR % 4R, 2008, 24(8):
1321-1326.

et al.
low

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Wu LB, Ding JD. Advances in fabrication
methodology and technology of three-dimensional
porous scaffolds for tissue engineering. J Funct
Polym, 2003, 16(1): 91-96.

MR, THR. AT =Y 2L R
T ME AR, TiRem 54, 2003, 16(1):
91-96.

Doshi J, Reneker DH. Electrospinning process and

applications of electrospun fibers. Journal of
Electrostatics. 1995, 35(2/3): 151-160.
Liu TQ, Xu YQ, Cao BB, et al. Research

development on melt-electrospinning and its
equipments. New Technol New Proc, 2009(12):
93-97.

XU Ar, VFIEZE, B, 5. I 522 &
HARE W FEHE . PO T HOR 5 8 R
%, 2009(12): 93-97.

Rho KS, Jeong L, Lee G, et al. Electrospinning of
collagen nanofibers: effects on the behavior of
normal human keratinocytes and early-stage wound
healing. Biomaterials, 2006, 27(8): 1452-1461.
Huang ZM, Zhang YZ, Ramakrishnab S, et al.
Electrospinning and mechanical characterization of
gelatin  nanofibers. Polymer, 2004, 45(15):
5361-5368.

Fang Q. Study of RGD restructuring silk protein
and tussah silk fibroin as tissue engineering
scaffolds materials [D]. Fuzhou: Fujian Normal
University, 2008.

Pz, RGD 4 k22 1 A AIVE ie 22 R AR N4
ZUT RS RO BESE [D]. AR M AR ERIE R
2, 2008.

Parka KE, Jung SY, Lee SJ, et al. Biomimetic
nanofibrous scaffolds: preparation and
characterization of chitin/silk  fibroin  blend
nanofibers. Int J Biol Macromol, 2006, 38(3/5):
165-173.

McManus MC, Boland ED, Koo HP, et al.
Mechanical properties of electrospun fibrinogen
structures. Acta Biomater, 2006, 2(1): 19-28.

Zhou HJ, Green TB, Joo YL. The thermal effects
on electrospinning of polylactic acid melts.

cjb@im.ac.cn




ISSN 1000-3061 CN 11-1998/Q Chin J Biotech

January 25,2012 Vol.28 No.l

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Polymer, 2006, 47(21): 7497-7505.

Fujihara K, Kotaki M, Ramakrishna S. Guided
bone  regeneration  membrane  made  of
polycaprolactone/calcium  carbonate  composite
nano-fibers. Biomaterials, 2005, 26(19):
4139-4147.

Moroi L, Licht R, de Boer J, et al. Fiber diameter
and texture of electrospun PEOT/PBT scaffolds
influence  human  mesenchymal stem cell
proliferation and morphology, and the release of
incorporated compounds. Biomaterials, 2006,
27(28): 4911-4922.

Zong XH, Bien H, Chung CY, et al. Electrospun
fine-textured scaffolds for heart tissue constructs.
Biomaterials, 2005, 26(26): 5330-5338.

Kwon IK, Kidoaki S, Matsuda T. Electrospun nano-
to microfiber fabrics made of biodegradable
copolyesters: structural characteristics, mechanical
properties and cell adhesion potential. Biomaterials,
2005, 26(18): 3929-3939.

Dai YG. Study on Fabrication of Silk/PLGA arti
ficial blood vessel through electrospinning [D].
Suzhou: Suzhou University, 2009.

HA W], SFIPLGA IR FHEY) 22 X T M F R
F5% [D]. #hM: F K%, 2009.

Chen ZJ. Study on P (LLA-co-CL) electrospinned
membrane for drug-loading [D]. Hangzhou:
Zhejiang University, 2008.

PRIES. P (LLA-co-CL) HL.ZJj R T 254 il B¢
HEBESE [D]. B #ITLKA:, 2008.

Sheng BB. Preparation of biocompatible nano-
fibers by electrospinning [D]. Qingdao: Qingdao
University, 2008.

EVK VK. L 97 2205 ) o5 LR W AH BV 9 K £ 4
[D]. & & 7&K, 2008.

Bao WW, Zhang YZ, Yin GB. Electrospinning
of hybrid nanofibers of silk fibroin and gelatin.
J Textile Res, 2007, 28(3): 1-4.

bR, SR4hER, TN, . 2K H5WKINR
WL g 22, G784, 2007, 28(3): 1-4.

Zhao PC. Application of coaxial electrospinning in
surface modification of tissue engineering scaffolds

http://journals.im.ac.cn/cjbcn

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[D]. Hangzhou: Zhejiang University, 2006.

XM AR ()Yl F 7 78 2H 2 TR SRR T O
RN [D]. B #iiT oK%, 20086.

Li CM, Vepari C, Jin HJ, et al. Electrospun
silk-BMP-2 scaffolds for bone tissue engineering.
Biomaterials, 2006, 27(16): 3115-3124.
Thorvaldsson A, Stenhamre H, Gatenholm P, et al.
Electrospinning of highly porous scaffolds for
cartilage regeneration. Biomacromolecules, 2008,
9(3): 1044-1049.

Lee David W. Tissue Engineering Cartilage with a
Composite Electrospun and Hydrogel Scaffold [D].
Virginia Tech Campus, 2011.

Chung S, Ingle NP, Montero GA, et al.
Bioresorbable  elastomeric ~ vascular  tissue
engineering scaffolds via melt spinning and
electrospinning. Acta Biomater, 2010, 6(6):
1958-1967.

Lee YS, Arinzeh TL. Electrospun nanofibrous
materials for neural tissue engineering. Polymers,
2011, 3(1): 413-426.

Yang F, Murugan R, Wang S, et al. Electrospinning
of nano/micro scale poly (L-lactic acid) aligned

fibers and their potential in neural tissue
engineering. Biomaterials 2005, 26(15):
2603-2610.

Li WS, Guo Y, Wang H, et al. Electrospun
nanofibers immobilized with collagen for neural
stem cells culture. J Mater Sci Mater Med, 2008,
19(2): 847-854.

Deng RJ, Liu Y, Ding YM, et al. Investigation on
producing fibers by melt
electrospinning. Materials Sci Technol, 2010,
18(3): 425-433.

e, X5, T EAM, . AR g5 a2k i
A KT HEWIRE. MERE 5 T2, 2010,
18(3): 425-433.

Deitzel JM, Kleinmeyer J, Harris D, et al. The
effect of processing variables on the morphology of
electrospun nanofibers and textiles. Polymer, 2001,
42(1): 261-272.
Curry JD. Bones:

micro-nano

Structure and Mechanical.



FFN FIHATFHRATESRHSEHBHZR

[35]

[36]

[37]

(38]

Princeton: Princeton University Press, 2002.
Liu Y. An apparatus for preparation of composite
fiber using melt electrospinning method: CN,
200910078502. 5, 2010-08-25.

XUB . — s A ) 22 A 7 G AT YR
Hr[E: 200910078502. 5, 2010-08-25.

Li Y. Novel Copolyanhydrides combining strong
inherent fluorescence and a wide range of
biodegradability: synthesis, characterization and in
vitro degradation [D]. Hangzhou:
University, 2005.

B, HeT AT A W R R S W TIOKR AR 5 245
PITERARR: Hl% . RAESARANIMTMAFSE [D].
BUMN: WK 2, 2005.

McCann JT, Marquez M, Xia YN. Melt coaxial
electrospinning: a versatile method for the
encapsulation of solid materials and fabrication of
phase change nanofibers. Nano Lett, 2006, 6(12):
2868-2872.

Xue H, Xiong J, Li N, et al. Progress of the
research on electro-spinning technique and device.
Adv Textile Technol, 2010, 18(2): 48-54.
BEAE, REAN, ZRUE, . WY TN

Zhejiang

PE M

[39]

[40]

[41]

[42]

WroR bR, B8R, 2010, 18(2): 48-54.
Beijing university of chemical technology.
Apparatus combining electrospinning and rapid
prototyping technology: CN, 200920106284. 7,
2009-12-09.

JEH A TR, —Fh el & i L 25 22 R ) PR3
RIS E: J[E, 200920106284, 7, 2009-12-09.
Wang M, Jing N, Su CB, et al. Electrospinning of
silica nanochannels for single molecule detection.
Appl Phys Lett, 2006, 88(3): 33-106.

Kidoaki S, Kwon K, Matsuda T. Mesoscopic
spacial designs of nano- and microfiber meshes for
tissue-engineering matrix and scaffold based on

newly devised multilayering and  mixing
electrospinning techniques. Biomaterials, 2005,
26(1): 37-46.

Ge LQ, Ji JY, Bo LL, et al. Fabrication of hollow
multilayer nanofibers from electrospun fiber. The
4th Episodes of Chinese Chemical Society 27th
Annual Conference, 2010.

BT, EEIT, MRS, G5 LT 954 YRR
i 2 JE Th A oK eF e a5 PRt 27
Ji S ARAE S5 04 3 23 4L 4R, 2010.

cjb@im.ac.cn




