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Electrospinning for Biomedical Applications
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ABSTRACT

Electrospinning has been received much interest, since it is a simple and versatile
process for fabricating continuous ultrafine fibers using electrical forces. The use of electrospun
fiber mats in biomedical applications (i.e., tissue engineering, wound dressing, and drug delivery
system) has been gained interest in the past several years due to its unique properties such as
high surface area to mass/volume ratio, high porosity, and high mechanical properties. This
review summarizes the background of electrospinning, factors affecting to electrospinning,
polymers used in biomedical applications, and the use of electrospinning in biomedical

applications such as tissue engineering, wound dressing, and drug delivery system.
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(Venugopal et al., 2005; Greiner and Wendorff,
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Taananuauisalunisazatevesiyinazangnu
woAwes uenaniyaidenvesihararsduiy
#ruvUslunisiiansmn 1esaingaiiend
ANUFUNUSAUAIINEINITOMINITTLAAYVDIA 9T
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wseRwesasazaelafnitaisazateifianisin
<

Tdlaga Mrlilgiduleauindn (Baumearten,
1971)

v A

UINAINUAILUTAAYNADINITUN AD

Arpantadiannsn e ladilannsnveedivii

avangunn dwmalniainisinlninvesaisazany

unTusiludae Fdduunsefaiausidudondy
Alndlanvisnvesansazangmensiundedunsd
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msunnaanetudiiuluonsazdmalidodolml
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(Kim et al., 2003; Duan et al., 2007; Zou et al.,
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WossssuAvianusadiassarsiadeuiwadle
#nf1981919U ABaa1LauL (collagen) (Matthews
et al,, 2002; Zhong et al,, 2006; Chen et al,
2010) 13a1#uU (gelatin) (Song et al, 2008;
Baiguera 2014) lalewu (chitosan)

(Matsuda et al.,, 2007; Chen et al,, 2010) la#u

et al,

(chitin) (Noh et al, 2006) lu (silk) (Zhang,
2009) llusluiau (fibrinogen) (McManus et al.,
2007) waw n3alee1glstin (hyaluronic acid) Ui et
al, 2006) aehalsAnunediuosfina1nuisinazein
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Julaguaudsznoumenediuesdaunsizinazne
AussTTumn@ (Stitzel et al., 2006; Meng et al,,
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gnNAI9819L U Yoshimoto et al. la@nwidnenin
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%aﬂiimﬁalﬁamsaﬂ (Li et al, 2006) Kumbar
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ey protein absorption Hudu wazisleriinig

naaosTaniliuwad human  osteoscarcoma
(MG63) wuiﬁamﬁlﬂﬁmmﬂuﬁw uenaNiiey
FIgAUUAYUNITINITLAZ NS YLAULnvBIYad
A9 9 16 19U 1waa mouse embryo fibroblasts
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2011)
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Preiansruaumsinyiuee fadufanUaunaiia
Asaasadesiuunaatnielsameusn anse

Te1n1e A1uTU eanTauwnsndueula a1n

wa o

audRfina1iuudadl wiudulediialnsaduiign
Jugusenszuumstuduledeliiinadn wane
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Min et al. [¢dugtusiudulodidalnsatin
Tonllusdy denszurunistudulosglnd
adn Wednwmudfuldveiundulofuwad
wazAnwingAnssuvegaduulnuiduls 910
ANSAN®INUI L¥ad normal human
keratinocytes wag w@aa fibroblasts @11150LN1e

uaztasgiulalanuunnudulod (Min - et al,
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2004) soulul A.a. 2009 Schneider et al. 1t
sUuiutdulodidalnsaduluylnlusdudd
epidermal growth factor (EGF) wuiwsuduled
aun507eSnIUIURELER TnglanvuNalies
(Schneider et al., 2009) %ﬂuﬂszﬁﬁjﬂwl,l,maga%’a
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thandnew mnmsmeasmuiwudulediaan
é’humuuiﬁﬂﬁﬁLLﬁasﬂuaﬁasawﬁw wonani
dorhuwiuduledidalnsatiuneaanauiigniadeu
srenoaaauriai 1 urldnuiuiudulodtae
advayunisinIgiagnIsasyivlnvesead
normal human  keratinocytes V‘iﬂﬁfﬁ@‘ﬁ
winzaudmiuinluuszgndldnisnisunme 1w
TAAUALKE LLaﬁaqimﬁ'wLﬁymlfdaa‘lﬂafja (Rho
et al, 2006) Gu et al. "Lé’sﬁugmwiud’u%&é‘ﬂ—
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nsAnwanudiulatueas nsnevausIved
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gnvinliiafissreaniizansaraneindaeisnmsion
2719978La (photomediated crosslinking) Aau
ihlunpaeugrdduitouuniise mnuanmsvaaes
wukudledannsadunde staphylococus
aureus wag Escherichia coli la@ vinliddngnn

wingdwsuliidutanUauna (gnatova et al,

2006) f

a

uen9INd Ignatova et al.  d9lan

quaternized chitosan @y Poly(vinyl
pyrrolidone) (PVP)  wazduguifuusiutdulodae
nszvaunmstudulelnihadn uwazviliuudule
fanuatiosroansavareilagisnisidonvang
st 91nnsEnuersiudeuuafise
vosurudule wudduduledfignisude
Staphylococus aureus wag Escherichia coli g3
FadutagiarunsadiluldidutanUauaald
(Ignatova et al., 2007)
4.3 53uUlnEeEn

svuuhdeen wagdmnssuiiedediay
Rertesiu iWemnluuindinsvanusesenan
faglasesiradsnradannsatieifiudssdnsam
veamsiasaivinvenilodeld Tnensvuaunis
Huduleselwiadnannsondntaguideniis
Usgansam ewdeuiisuiunisanyaessn
nwiuitdy Wesmnuriudledidelnsatiuiiiug

a o o '

NIAUNENINNIT (Suwantong et al, 2007)

yanandarursatdsndnlulunnuidulele
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varnuaneiauazeaunsagnasiudadmned
Fosnsinuld fogrseriiinisAnenide léun o1
floonguniniainin iy srduuzide rdunnsg
Snau 81Tz uaglusiu Snviadadansadn
3nayulnsdneiie Uiang et al, 2004; Sill and
von Recum, 2008; Tungprapa et al., 2007;
Suwantong et al., 2007) lngdadelunisidenian
dusuihunldidulanindsen fie Josiugiainnis
wanaaneluseuunsealion WANAAIENITINN
muaumsanUdeselinefosazeglutinis
Snwn uam]Wﬂﬁawﬁgﬂﬂamﬂdasﬁmgﬂﬂdaa
oonludndaemuitimine aaveTanilidesls

<

Hufiwsewadidoie Tnsunfinisuanudessnann
fananunangnauAudnIsunseg il Vot
NsuNsLavNIseNaaevesian dmiuianliwan
#a8NTINN N15UAAUABEYNAZYNATUANAIEY
nsuns vausfiianuanaalsnnadanam enazgn
UanUdoslasnmsunsudonisunnaaevesian o
o1 lAlFfuUIumeriiAusuin wagdiniu
udugdndssduanuudiv fafu nadenld
anuanaaen1aTinmdesiansaunduiiavly
FossnsnsuanUdess ez snInisuanaans
VBYIEN uenIniinIansrarefwesenigluned
Wwesuvsng ullnaseanvuznisUantaese (Sill
and von Recum, 2008)

1uT A.A. 2003 Zeng et al. #Tuguusn
wWulediamlasatlu  Poly(L-lactic acid) (PLLA)

o 1

dnsulddudantindasn Tnefnwinavasansanwsa

q

F9RY (@5anLIeRaRIUTEUIN Useaau uaglad

Uszq) uavyilnen (Rifampin, Paclitaxel uay
Doxorubicin hydrochloride) flsavuiakarAI1L

ainauevedduly 9nnsveassnuIn nslaans

anussfaRaasly iliduledourniduniu
gudnansanas uenanderaiunsngnueviudae
\@uly PLLA (Zeng et al., 2003) sieuntud a.e.
2005 Zeng et al. laAnwmavesn1sazalslaznig
Wniuveseilutagnedies lnsldunwduledidn
lnsalu  PLLA Wutamindstuaz@nwinis
JanUaawen Paclitaxel, Doxorubicin base hag
Doxorubicin hydrochloride  a1nNan1TNAaDY
U181 Paclitaxel Wag Doxorubicin base fA11u
Wriulaafuududuledidelnsatlu PLLA vausd
Doxorubicin hydrochloride WUBEUURIUDIUAY
duledswaliiinnisuanlasseogtesiasalu
Prausn Fefuanudruressuas andudlade
ddgdmiuauaunsuanUdesenlussuuiigs
1 (Zeng et al,, 2005) Jiang et al. Iﬁ‘ﬁugmmu
Wduledidalnsatlu Poly(lactide-co-glycolide)
(PLGA)/ poly(ethylene glycol)-g-chitosan (PEG-g-
chitosan) #iflenlbuprofen dwsudszynaldly
FEUVUNEIYT 91NNITNABDINUIINITH PEG-g-
chitosan  @u1TavIvandnIINIslantassen
Ibuprofen llagen Ibuprofen QﬂL%auUi:ﬁmuﬁU
a1el9v09 PEG-g-chitosan  vilin1sUanUaseen
Walduiunin 2 dUasi Uiang et al, 2004)
Kenawy et al. lafnwanwagnisvanuaoyen
Ketoprofen anunudulediaalnsalunedliia
weanegea (Poly(vinyl alcohol) war@nwimanu
watesvesunudulelasvitnisudluluniuea
(Methanol) {uszeziian 1 uay 24 $3lus 91nwa
N1319a9 WUIINIsUanUaassn Ketoprofen a1n
wiuwdulefiiunisurluniueaaunsatiean
n1sUanUdoseag1asinsaluginaanisuusn

(Kenawy et al., 2007) WanNLEILNITIATIUUAY
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Gulodidalnsatlu PVA fiflen Metoxicam lng
Anwranududusing q fuvesenildluwiudule
Ao 2.5, 5, 10, uay 20% Taghmdniteuiutawedn
vaodhilausaneseauazAnwinisuanUaseen
nnuduEuleSsuigunuHUdY  wuIen
Metoxicam MnANdNTUaINTINTEAAILAR
Tuduly nsuanUaesen Metoxicam 9ALKRULEY
Tofumnangsniusiuilay esanlassaiediil

nyugavasndudulesatuayunisuindlluy

fiananeansazaluun (agueous medium)
(Ngawhirunpat et al., 2009)
Tungprapa et al. lA@ANWISNWMEAS

JanUassuiann1soniayu (Non-steroidal  anti-

inflammatory  drugs  (NSAIDs)) 4 ¥iia #®

Naproxen, Indomethacin, Ibuprofen L&y
Sulindac anunuduledidalnsatduisaglaaued
4 vliavedg1ann1ntauil

WA lAgenNg

auauisalunisavaeifiuandnafy 910
asAnwnsUanvasseluaisazaretninesied
e (acetate buffer, pH 5.5) ﬁqquﬁ 37 9961
walded wuinUsinaiivanldeseenunannus
dallodesdriuanunnlutes #adl Ae Naproxen,
wag  Sulindac

lbuprofen,  Indomethacin

mua1au Janunseazulaindnuagnisuandaes

g1k utdulevuogAudadenis q 19U n13

Y

AranyvLIlUNDAINes  N15azanuvsly
fnansansaratoiin NsUINFILATNITATANE8N
wodlesluiinanansazaneth wazn1suNsvesen
Indunediuedlufifinansaisaraleun
(Tungprapa et al, 2007) N@VUIALAUNIU
audnansvenduledidalnsatu Poly(DL-lactide)

(PDLLA) wazUSunauen Paracetanol #ildadly (2,

"W

5 uay 8% lagimiin) sednvuynsuanudese
wazmsuanaatevatrudulegnAnuilag Cui et
al. nmnaaesansaasyladndnuagnis

[

YanUasseranuruduleaiuisaniuaulacie

yumduhugudnarweadulonazusinaueiied
Twdule (Cui et al, 2006) upNIINTINANINIIN
Tredunda uiwduledidalnsatiuiidarsadn
asulng L9y vfiu (Suwantong et al, 2007) Tu
Uaun (Suwantong et al,  2008) ¥zu29
(Suwantong et al., 2012) 4gya (Suwantong et
al,, 2013) flsAA (Suwantong et al, 2014) &4lg
gnindnwdnuagnsuanldesen lagannis
naaosnuuiudulefidansafnayulnsivani
annsnthludssgndldiussuuidenld Sniie
arursadr luldidutanlauna wietagunas

nswnndlasnietuediugnsvesayulnsusaysa

5. unasy
wiutduledidalnsaduildann
nszvaumstudulesmelniain faudfany
wazlanuiu fio fufifasomtanieUsinmsgs A
\Hugngugs vnagnauidn warautfidenags vh
Tiwiwdulediaalasalugninluvssgndldidu
fanmnanisunng Snitenszurunistudulede
Iniladndafinszuiunisidrouarlidudou
anunsarruanvuiadulenasgnsulaaients
muauiadesing q MAsTes 1wy Armdutuves
a1savatenediues Andliin dnsinislnaves
anTagalenediues TEeEn1ITENINNA0AUTIY
asazarenedmesiuiansesiu udu a0

AANINLAITY vl nsiAsE I sUudule
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