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Abstract

L?3.-;(0.O$The development of combining mesenchymal stem cells (MSCs) with surface 
 !"#$%"&'()%%*"# %+,#!+-.&/012&3#! -'%)#-.&,4-55!."&6)!7#"%,&-&"%,#)-3.%&-.'%)+-'#7%&5!)&
)%6.-4% %+'&!5&"- -8%"&-+"&"#,%-,%"& '#,,9%:&;-+!$3)!9,&,4-55!.",&,%)7%&-,&,9#'-3.%&
environment for cell attachment and proliferation due to their similarity to the physical 
dimension of the natural extracellular matrix. In this study the properties of plasma treated 
6!.<*=*4-6)!.-4'!+%&+-+!$3%)&,4-55!.",&/6*>=?2&-+"&9+-.'%)%"&>=?&,4-55!.",&@%)%&4! -
pared, and then p-PCL scaffolds were evaluated for MSC culture.

*#;.7(#<4$#'"$*.;&!"4O Aligned and random PCL nanofibrus scaffolds were fabri-
cated by electrospining and their surface modified with O

A
 plasma treatment to en-

hance MSC proliferation, adhesion and interaction. Chemical and mechanical charac-
terizations were carried out using scanning electron microscopy (SEM), water contact 
angle and tensile testing. Cell adhesion and morphology were evaluated using SEM 1 
day after culture. Statistical analysis was carried out using one way analysis of vari-
ance (ANOVA).

N.46<;4O&B(%&6)!.#5%)-'#!+&!5&CD=,&@%)%&%7-.9-'%"&9,#+8&0*/EFG*1# %'(<.'(#-H!.*A*<.2*AFG*1#-
phenyltetrazolium Bromide(MTT) assay on day 1, 3, and 5 after cell culture. Results showed 
'(-'& '(%&+9 3%),&!5&4%..,& '(-'&(-"&8)!@+&!+&>=?&+-+!$3)!9,&,4-55!.",&@%)%&,#8+#$4-+'.<&
(#8(%)& '(-+& '(!,%&!5&4!+')!.&,9)5-4%,&@#'(!9'&+-+!$3%),:&I9)'(%) !)%F& '(%&6)!.#5%)-'#!+&!5&
CD=,&!+&)-+"! &+-+!$3%)&@-,&,#8+#$4-+'.<&(#8(%)&4! 6-)%"&'!&'(-'&!+&-.#8+%"&+-+!$3%):

T!'-<64(!'O$This study showed that while both aligned and random plasma treated PCL 
+-+!$3)!9,& ,4-55!."& -)%& !)%& ,9#'-3.%& ,93,')-'%,& 5!)&CD=& 8)!@'(& '(-+& '#,,9%& 49.'9)%&
6.-'%,F&&)-+"! &+-+!$3%)&3%,'&,966!)'%"&'(%&6)!.#5%)-'#!+&!5&CD=,:
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Introduction

Recently, tissue engineering and three- dimen-
 !"#$%&'()*+& ,$--"%. &/$01&211#&.101%"31.&4"&$.-
dress the extreme shortage of tissues and organs 
for transplantation and repair. Tissue engineering 
has provided new medical therapy as an alterna-
tive to conventional transplantation methods us-

ing polymeric biomaterials with precursor cells. 
Fundamentally,  tissue engineering involves the 
in vitro seeding of cells onto scaffolds in order to 
promote cell adhesion, proliferation and differen-
tiation due to similarity of the environment to the 
1546$,1%%7%$6&8$46!5&'9:;+&'<=&>+?&In vitro system 
scaffolds can play an effective role in controlling 
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J.%4')!,69+&;-+!$3%)&5!)&CD=,&>)!.#5%)-'#!+

,1%%&21/$0!"6& !#& 4/1&  $81&@$A& &$ & 4/1&9:;&!#&$&
living system. Among the various types of scaf-
-"%. & $0$!%$2%1=&  ,$--"%. & 2$ 1.& "#& #$#"B216 &
@/!,/&8!8!,&4/1& 467,4761&"-&4/1&9:;&"--16&C61$4&
advantages. The development of biodegradable 
polymeric scaffolds with surface properties that 
control interactions between the material  and the 
biological environment is of great interest in bio-
81.!,$%&$33%!,$4!"# &'>=&(+?&

Synthetic polymers represent the largest class of 
bio- material. A wide variety of synthetic polymers 
/$01& 211#& 7 1.& 4"& -"68& #$#"B216& 21,$7 1& 4/1!6&
mechanical properties and degradation rates can 
be tailored to suit a wide range of special appli-
,$4!"# &'D)&E+?&F:G&! &$#&$%!3/$4!,=&2!".1C6$.$2%1&
and non-toxic polyester that has good mechani-
,$%& 36"3164!1 ?& H"@1016=& !4 & %"@& /A.6"3/!%!,!4A=&
4"C14/16& @!4/& $& %$,I& "-& -7#,4!"#$%& C6"73 =& "-41#&
results in low cell adhesion and proliferation on 
4/1 1&  ,$--"%. & 'J=& K+?& *!--161#4& 4A31 & "-& 3/A -
icochemical and post-processing surface modi-
B,$4!"#& 41,/#!L71 &/$01&211#&$4418341.& 4"&  "%01&
the problem of cell adhesion and proliferation on 
/A.6"3/"2!,&  76-$,1 & 'K+?& M#& $..!4!"#=& 36"3164!1 &
4/$4& ,$#& 21& -764/16& $%4161.& 4"&8$I1& /A.6"3/"2!,&
surfaces more effective as biomaterial have been 
!#01 4!C$41.?&F%$ 8$&461$481#4&! &$&7 1-7%&814/".&
-"6&$%416!#C&4/1&/A.6"3/"2!,!4A&36"3164!1 &"-&F:G&
by introducing desired functional groups onto the 
surface of the scaffold (9, 10). The extent of cell 
attachment and growth on polymer surfaces are 
!83"64$#4&-$,4"6 &4/$4&.!61,4%A&!#N71#,1&4/1&,$3$,-
ity of cells to proliferate and differentiate on these 
polymeric scaffolds (11, 12).

;O: & $61& #"#)/18$4"3"!14!,& 36"C1#!4"6& ,1%% &
with the potential to differentiate into cells of the 
81 ".168& %!#1$C1?& ;O: & $61& $#& 1$ !%A& $,,1  !-
ble cell source for tissue engineering applications 
'<(=&<D+?&M#4161 4&!#&#$#"&1#C!#116!#C&"-&;O: &! &
mainly due to their potential for transplantation, 
regeneration and treatment of degenerative and 
autoimmune diseases (7). Reports are available on 
4/1&36"%!-16$4!"#&"-&"4/16&,1%% &"#&F:G&#$#"B26"7 &
 ,$--"%.&'(=&K+?&H"@1016=&016A&-1@& 47.!1 &/$01&-"-
,7 1.&"#&4/1&36"%!-16$4!"#&"-&;O: &"#&1%1,46" 37#&
#$#"B26"7 & 72 46$41 &'J=&<P+?&Q"6&4/! &61$ "#&@1&
 47.!1.&4/1&1-B,$,A&"-&F:G&#$#"B216& ,$--"%. &7 -
!#C&;O: &4"&$  1  &4/1!6&3"41#4!$%&$ & 72 46$41 &-"6&
tissue engineering applications. Our study aimed 
4"&36".7,1&$&2!","83$4!2%1&()*&#$#"B26"7 & ,$--

-"%.&  733"64!#C& 4/1& 36"%!-16$4!"#& "-& ;O: & 4/$4&
could be used as a tissue engineered cell-scaffold 
,"# 467,4&-"6&46$# 3%$#4$4!"#?&R$ 1.&"#&4/1&$2"01&
6$4!"#$%1=&$%!C#1.&$#.&6$#."8&F:G& ,$--"%. &@161&
made by electrospinning and their properties; such 
as hydrophilisity, porosity, tensile strength and 
ability to support the growth, proliferation and at-
4$,/81#4&"-&;O: &@161&10$%7$41.&,"83$61.&4"&$&
>)*&,7%4761& A 418?

Materials and Methods

Materials

F"%A):),$36"%$,4"#1& @!4/& $& 8"%1,7%$6& @1!C/4&
"-& KS& SSS=& ,/%"6"-"68=& .!814/A%& -"68$%.1/A.1&
'*;Q+& @161& 376,/$ 1.& -6"8& O!C8$)T%.6!,/& 'O4&
G"7! =&;U=&VOT+?&W$4&;O: &@161&"24$!#1.&-6"8&
the Stem Cell Technology Research Center (Teh-
6$#=& M6$#+?&*7%21,,"X &;".!B1.&9$C%1X &;1.!78&
'*;9;+&@$ &"24$!#1.&-6"8&O!C8$Y&-14$%&2"0!#1&
 1678&'QRO+=&$#4!2!"4!, &$#.&46A3 !#)9*ZT&@161&
376,/$ 1.& -6"8& [MR:U& M#0!46"C1#& ':$6% 2$.=&
:T=&VOT+?

 !"#$%&'()**)*+,&-,*.*&/0"%'

F:G&'K&@4\+&@$ &.!  "%01.&!#&,/%"6"-"68]*;Q&
'^_<+&-"6&4/1&1%1,46" 3!##!#C&36",1  ?&F"%A816& "-
%74!"#&@$ &%"$.1.&!#4"&$&P&8%&3%$ 4!,& A6!#C1&@!4/&
a 21 G needle and fed to the needle tip using a 
 A6!#C1&3783&$4&$&N"@&6$41&"-&S?P&8%&316&/"76?&T&
3" !4!01&0"%4$C1&"-&>P&I`&@$ &$33%!1.&4"&4/1&#11-
dle using a high voltage power supply. For col-
%1,4!#C&$%!C#1.&#$#"B216 =&$& 6"4$4!#C&.! I&@!4/&$&
linear rate set to 1000 rpm was used, whereas a 
6"4$4!#C&.! I&@!4/&$&%!#1$6&6$41& 14&4"&<SS&638&@$ &
7 1.& -"6& ,"%%1,4!#C& 6$#."8& #$#"B216 ?& Z/1& ,"%-
%1,4"6&@$ &3%$,1.&$4&$&.! 4$#,1&"-&>(&,8&-6"8&4/1&
needle tip. On applying a high voltage the polymer 
solution formed a Taylor cone at the needle tip and 
a positively charged jet was sprayed on the collec-
4"6?&a$#"B216 &,"%%1,41.&"#&$%78!#78&3%$41 &@161&
dried overnight under vacuum before being used 
for experiments.

12%-.#",3&4)/#.$)&*,&-,"!"#$%&'(2*,*.*&/0"%'

O
2
&3%$ 8$&461$481#4&"-&1%1,46" 37#&F:G&#$#"B-

26"7 &  ,$--"%. & @$ & ,$66!1.& "74& 7 !#C& $& *!1#16&
1%1,46"#!,&3%$ 8$&,%1$#16&'[168$#A+?&a$#"B216 &
were placed in the chamber of the plasma cleaner 
$#.&3%$ 8$&.! ,/$6C1&@$ & $33%!1.& -"6&(&8!#714 &
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@!4/& 6$.!"& -61L71#,A& 3"@16&  14& $ & (S&b& 7#.16&
vacuum mode.

Physicochemical and mechanical characteriza-
$)&*,&-,*.*&/0"%'

9%1,46" 37#& #$#"B26"7 &  ,$--"%. &@161&  374416&
,"$41.&@!4/&C"%.&'F"%$6"#&O:&JE>S& 374416&,"$416+&
and examined under a field emission scanning 
1%1,46"#&8!,6" ,"31&'G9U&<DPP`F=&9#C%$#.+&$4&
$#&$,,1%16$4!#C&0"%4$C1&"-&<S&I ?̀

Z/1& @$416& ,"#4$,4& $#C%1& -"6& F:G& #$#"B26"7 &
scaffolds before and after plasma treatment was 
measured using a Contact Angle measuring Sys-
418&[<S&'cWdOO=&c"61$+=&8"7#41.&@!4/&$&::*&
camera. Scaffolds were placed on the sample stage 
and a drop of distilled water was dropped to the 
surface for contact angle measurement.

;1,/$#!,$%& 41 4!#C& @$ & ,$66!1.& "74& 7 !#C&
$& 41# !%1& 41 416& 'OTaZT;& O461  & 8$,/!#1&
OZ;>S=&M6$#+&$4&$& 311.&6$41&"-&PS&88&8!#e<?&
Rectangular specimens were cut from the as-
 37#&81826$#1 &@!4/& .!81# !"# & ESf<S&882 
used for mechanical testing studies. The ends of 
the rectangular specimens were mounted verti-
cally on mechanical gripping units of the ten-
sile tester. The results were plotted to obtain the 
stress–strain curve for scaffolds.

Z/1& 27%I& .1# !4A& "-& F:G& ! & <?<DE& C]& ,8(. The 
4/!,I#1  1 & "-& F:G& $#.& 3%$ 8$& 461$41.& F:G& '3)
F:G+&6$#."8&$#.&$%!C#1.&#$#"B26"7 &81826$#1 &
were measured by micrometer, and apparent den-
sities and porosities were calculated using the fol-
%"@!#C&1L7$4!"# _

 

 

In vitro culture of mesenchymal stem cells

;1 1#,/A8$%& 418&,1%% &"24$!#1.&-6"8&4/1&O418&

Cell Technology Research Center (Tehran, Iran) 

@161&8$!#4$!#1.& !#&*7%21,,"X &8".!B1.&9$C%1X &

81.!78& '*;9;+&  733%181#41.& @!4/& <S\& -14$%&

2"0!#1& 1678&'QRO+&$#.&<\&31#!,!%%!#] 46134"8A-

,!#]$83/"416!,!#)R&'M#0!46"C1#&:"63=&VOT+?&:1%% &
@161&8$!#4$!#1.&!#&$&/78!.!B1.&:U

2
 incubator at 

(J&g:&7#4!%&,"#N71#,A&$#.&-1.&@!4/&-61 /&81.!78&
1016A&(&.$A ?&R1-"61& 11.!#C=&,1%% &@161&.14$,/1.&
-6"8&4/1&,1%%&,7%4761&N$ I&@!4/&46A3 !#)9*ZT&$#.&
cells were counted using a Neubauer lam. The sec-
ond passage culture was used for proliferation and 
O9;&15316!81#4 ?

MTT assay for mesenchymal stem cell proliferation

Rat mesenchymal stem cells were seeded (10 000 
cells cme>+&"#&>D)@1%%&Z!  71&,7%4761&3%$41 &'Z:F+&
for comparisons of control, random and aligned p-
F:G&#$#"B26"7 & ,$--"%. ?&:1%%&36"%!-16$4!"#&@$ &
8"#!4"61.& $-416& <=& (=& $#.& P& .$A & 2A&;ZZ& $  $A&
h()'D=& P).!814/A%4/!$i"%)>)A%+)>=& P).!3/1#A%4146$-
i"%!78&26"8!.1=&$&A1%%"@&4146$i"%1j?&Z/1&#78216&
"-& ,1%% & "#& .!--161#4&  ,$--"%. & "24$!#1.& 2A&;ZZ&
,"%"6!8146!,&$  $A&.14168!#1 &4/1&;O: &$./1 !"#&
$#.&36"%!-16$4!"#&,$3$,!4A&"#&.!--161#4&#$#"B26"7 &
 ,$--"%. ?& ;14$2"%!,$%%A& $,4!01& ,1%% & 61$,4& @!4/&
4146$i"%!78& $%4& !#&4/1&;ZZ&61$C1#4&4"&36".7,1&$&
 "%72%1&-"68$i$#&.A1=&81$ 761.&$4&PDS&#8?&T-416&
designated time periods, the cell constructs were 
6!# 1.&@!4/&3/" 3/$41&27--161.&  $%!#1& 'FRO+& $#.&
!#,72$41.&@!4/&<S\&;ZZ&61$C1#4& !#&*;9;&-"6&
(&/?&Z/1&,"%"6&.101%"31.&.A1&@$ &-764/16&3!31441.&
"74&!#&^E)@1%%&3%$41 &$#.&$2 "62$#,1&@$ &61$.&7 -
!#C&$#&9331#."6-&R!"&F/"4"81416&'[168$#A+?

Morphology of mesenchymal cells

;"63/"%"C!,$%&  47.!1 & "-& 4/1& !#& 0!46"& ,7%4761.&
;1 1#,/A8$%&  418& ,1%% & "#& 3)F:G& $%!C#1.& $#.&
6$#."8& #$#"B26"7 &  ,$--"%. & @161& 316-"681.?&
After 1 day of cell seeding, the cell-cultured scaf-
-"%. &@161&36",1  1.& -"6&O9;& 47.!1 ?&Z/1& ,$--
-"%. & @161& 6!# 1.& 4@!,1& @!4/& FRO& $#.& B51.& !#&
>?P\& C%74$6$%.1/A.1& -"6& (& /"76 ?&Z/161$-416=& 4/1&
scaffolds were dehydrated with upgrading con-
,1#46$4!"# &"-&14/$#"%&'ES\=&JS\=&KS\=&^S\&$#.&
<SS\+&-"6&<P&8!#741 &1$,/?&Q!#$%%A&4/1& ,$--"%. &
were sputter coated with gold and then observed 
7#.16&O9;?

Statistical analysis

*$4$& @161& "24$!#1.& $4& %1$ 4& !#& 46!3%!,$41& '#k(+&

averaged and expressed as mean ± standard devia-

4!"#&'O*+?&O4$4! 4!,$%&$#$%A ! &@$ &,$66!1.&"74&7 !#C&

one way analysis of variance (ANOVA). A value 
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J.%4')!,69+&;-+!$3%)&5!)&CD=,&>)!.#5%)-'#!+

"-&3&l&S?SP&@$ &,"# !.161.& 4$4! 4!,$%%A& !C#!B,$#4?

Results

Chemical and mechanical properties of electro-
'(2*,*.*&/0%&2','#.--&!4',

O9;&8!,6"C6$3/ &"-&1%1,46" 37#&#$#"-!26"7 &
scaffolds revealed porous, nanoscaled fibrous 
structures formed under controlled parameters. 
T%!C#1.& F:G& #$#"-!216 &  /"@1.& $& ,"# ! 41#4&
4/!,I#1  &@!4/&-!216&.!$81416 &"-&DSS)<PSS&#8&
'Q!C&<T+?&W$#."8%A&"6!1#41.&F:G&#$#"-!26"7 &
scaffolds produced uniform, bead free nanofib-
16 &$#.&@!4/&-!216&.!$81416 &!#&4/1&6$#C1&"-&DSS)

<PSS& #8& 'Q!C& <R+?& O9;& !8$C1 & .!.#X4&  /"@&

$#A&,/$#C1 &!#&4/1& 76-$,1&8"63/"%"CA&"-&F:G&

nanofiber after plasma treatment.

:"#4$,4&$#C%1&  47.!1 &"-&F:G&$#.&3)F:G&#$-

nofiber scaffolds revealed the surface hydro-

philic properties. The contact angles obtained 

-"6& $%!C#1.& $#.& 6$#."8& F:G&  ,$--"%. & @161&

$2"74& <(S& $#.& <(D& 61 31,4!01%A=& @/!,/& !83%A&

that these scaffolds were highly hydrophobic and 

#"#$2 "621#4& 4"&@$416?&Z/1&3)F:G&#$#"-!26"7 &

scaffolds were extremely hydrophilic with their 

@$416&,"#4$,4&$#C%1&21!#C&%1  &4/$#&KSm& /"@!#C&
100% wettability by the water droplet and signi-
fying the presence of hydrophilic groups on the 
surface of the scaffold. A comparison between 
4/1&-!216&36"3164!1 &"-&F:G&$#.&3)F:G&6$#."8&
#$#"B26"7 & ,$--"%. &! &!%%7 46$41.&!#&4$2%1&<?

5)+,67,1 8,3)#%&+%.(9,&-,*.*&/0"%7:;<,.!)+*"4,=>?,*.*&/0"%@,:A<,%.*4&3,=>?,*.*&/0"%B
1#.!",0.%7,6CC,D3

E.0!",67,>&3(.%)'&*,&-,*.*&/0"%,(%&("%$)"',&-,=>?,.*4,=F=>?,.!)+*"4,.*4,%.*4&3,*.*&/0"%'

Random p-PCLRandom PCLAligned p-PCLAligned PCLProperties

99999999Porosity

 !"#$%& !"#$%#Contact angle (Deg)

'()*+,!*,-./0*(+(1'()*+,!*,-./0*/2(1'()*+,!*,-./0*(+(1'()*+,!*,-./0*/2(1Wettability

345! 67-! 08345! 767/92:.;! ;*/<:-! 6! =,0(16+!
7/78+(7:6.!;=.:;;>;=.6(7!1?.@:!6;!(++?;=.6=:-!(7!9)-
?.:;!AB!%C!D*:!.67-/E!67-!6+()7:-!08345!767/9-
brous scaffold showed a reduction in mechanical 
strength. It is suggested that the hydrophilicity 
/F! 08345! ;16FF/+-;! -:1.:6;:-! =*:(.! E:1*67(16+!
;=.:7)=*C! D*:! :+/7)6=(/7! /F! 08345! 767/92:.;!
<6;! +/<:.! =*67! =*6=! /F! 345! 767/92:.;C!D62+:! A!
-/1?E:7=;!=*:!E:1*67(16+!0./0:.=(:;!/F!345!67-!
08345!.67-/E!67-!6+()7:-!767/92./?;!;16FF/+-;!
with respect to tensile stress and strain.

 !"#$%&'% $()*#$%+,-+$,.*$)%-/%012%(!(-3"$,)

Tensile strainTensile stress !"#$%&'()*!++#,-

%G%CHI$C"JRandom PCL

A&HC%I$CG"Random p-PCL

J$C%HA&C$$Aligned PCL

&HCA20.97Aligned p-PCL

A B
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4*5%&'%6.,$))7).,!*(%-/%012%!(8%+7012%,!(8-9%(!(-3"$,:

4*5%;'%6.,$))7).,!*(%<=,>$%-/%012%!(8%+7012%!#*5($8%(!(-3"$,:

Cell proliferation

D*:!0./+(F:.6=(/7!/F!K:;:71*,E6+!;=:E!1:++;!/7!08
345!767/92./?;!;16FF/+-;!<6;!;()7(9167=+,!L0!M!#C#JN!
*()*:.!=*67!=*:!1:++!0./+(F:.6=(/7!/7!D43C!D*:!.:;?+=;!
/2=6(7:-!F./E!KDD!6;;6,!(7-(16=:-!=*6=!08345!76-
7/92./?;!;16FF/+-;!<:.:!E/.:!;?(=62+:!;?2;=.6=:;!=*67!
D43;!(7!.:+6=(/7!=/!1:++!6==61*E:7=!67-!0./+(F:.6=(/7C!
'/<:@:.B!=*:!0./+(F:.6=(/7!/F!1:++;!<6;!;()7(9167=+,!
L0!M!#C#JN!(71.:6;:-!(7!.67-/E!767/92:.;!1/E06.:-!
=/!6+()7:-!767/92./?;!;16FF/+-!LO()!&NC

Fig 4: MTT assay for Mesenchymal cell proliferation on p-
012%!#*5($8%!(8%,!(8-9%(!(-3"$,%)<!//-#8%!(8% 10:%?!,%
,$+,$)$(.)%9$!(%@% ).!(8!,8% 8$>*!.*-(:% A% B(8*<!.$)% )*5(*3-
<!(.%#$>$#%-/%+,-#*/$,!.*-(%<-9+!,$8%.-% 10%%!.%C%D:DEF%G%*(-
8*<!.$)%)*5(*3<!(.%#$>$#%-/%+,-#*/$,!.*-(%-(%,!(8-9%(!(-3"-
$,%<-9+!,$8%.-%!#*5($8%)<!//-#8%!.%C%D:DE:%HIJ%-+.*<%8$()*.K:%

PQK!(E6):;!/F!1:++!1?+=?.:;!/2;:.@:-!/7!-6,!
$!LO()!JN!;*/<:-!7/.E6+!E/.0*/+/),!/F!E:;:7-
1*,E6+!1:++;!/7!08345!6+()7:-!67-!.67-/E!76-
7/F(2./?;!;16FF/+-;C!4:++;!/7!08345!6+()7:-!76-
nofibrous scaffolds showed normal extensions 
and spindle-shaped morphology. Cells oriented 
along the direction of the fibers and clustered 
around the aligned fibers in a longitudinal fash-
(/7! LO()! JRN! <*(+:! =*:! .67-/E! F(2:.;! ;*/<:-!
cells oriented in different directions on the na-
7/F(2:.;!LO()!JSNC

4*5% E'% 6LM%9*<,-5,!+N% -/%M61)% -(% (!(-3"$,% )<!//-#8)%
-".!*($8%!/.$,%O%8!K%-/%<$##%<=#.=,$'% PQR%!#*5($8%(!(-3"$,%
P?R%,!(8-9%(!(-3"$,:%Q,,-S)% *(8*<!.$%9$)$(<NK9!#%<$##)%
!#-(5%!#*5($8%3"$,):
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Discussion

The shortage of donor organs and the high 
cost and possible complications of transplant 
surgery have created the need for an alterna-
tive source of mammalian tissue. Recently, 
tissue engineering research has provided the 
E61./+:@:+! ;=.?1=?.:;! =/! F/.E! .:6+8;(T:! /.)67U
tissue using biomaterial and precursor cells. It 
(;! 1+:6.! =*6=! 6-:V?6=:! =(;;?:! .:7:<6+!</7W=! 2:!
possible without its nanostructure reconstruc-
tion. Electrospun nanofibrous scaffolds are 
capable of supporting cellular attachment and 
0./+(F:.6=(/7! -?.(7)! (7! @(=./! 1?+=?.:! LHB! $JNC!
X:!-(;1?;;! =*:! 1/71:0=! /F! ?;(7)! 6!KP4;82(/-
nanomaterial approach for tissue engineering 
600+(16=(/7;C! 345! *6;! 2::7! :Y=:7;(@:+,! ?;:-!
for tissue engineering due to its high tensile 
strength, non-toxic nature and biodegradabil-
ity, but its hydrophobic character is undesir-
62+:!F/.!(7!@(=./!1:++!1?+=?.:!LHB!$GNC!K67,!;=?--
ies have shown that scaffolds with hydrophilic 
surfaces show better cell adhesion and growth. 
In other hand, cell attachment and proliferation 
on the surface of biomaterials increases with 
the increase in surface hydrophilicity (17-20). 
S+:7-(7)!/F!;,7=*:=(1!0/+,E:.!67-!76=?.6+!0/+-
ymer is one of the methods to introduce func-
tional groups such as amine, hydroxyl and car-
boxyl groups to provide scaffolds with a more 
hydrophilic character (20). For example, poly 
(acrylamide) as  hydrophilic polymers grafted 
/7! 345! ;?.F61:;! ;*/<:-! (E0./@:-! 1:++! 6-*:-
;(/7! LA$NC! 3+6;E6! =.:6=E:7=B! */<:@:.B! ;:.@:;!
as an effective substitute for such modification 
procedures, since it uses no solvents nor gener-
ates chemical waste, and is associated with less 
polymer degradation. Enhancement of surface 
hydrophilicity can be induced by having oxy-
):781/7=6(7(7)!)./?0;!L>Z'B!>!4ZZ'!:=1N!/7!
the surface of polymers. In this respect, plasma 
treatment is a rapid, non-solvent surface modi-
fication process, which can create active sites 
/7!=*:!;?.F61:!/F!0/+,E:.(1!E6=:.(6+;!L%NC!K67,!
studies have stated plasma surface treatment of 
scaffolds with N

2
, O

2
!67-!['%!E6\:;!=*:!0/+,-

mer surface more hydrophilic, more polar and 
E/.:!2(/86-*:;(@:!L$HB!$"NC

O
2
 plasma treatment is a surface modification 

selective process that influences the surface 
wettability of polymeric scaffolds. The pre-

sent study attempted to improve the efficacy 
/F!345!767/F(2:.;!2,!6! ;*/.=!-?.6=(/7!0+6;E6!
treatment process to enhance the bioactivity of 
the scaffolds and provide an ideal substrate for 
tissue engineering applications. In the present 
</.\B! <6=:.! -./0;! 0:7:=.6=:-! .60(-+,! (7=/! =*:!
345! 767/F(2./?;! ;16FF/+-;! 6F=:.! 0+6;E6! =.:6=-
E:7=C!D*:!;?.F61:!1/7=61=!67)+:!/F!08345!;16F-
F/+-;! <6;! +/<:.! =*67! =*6=! /F! 345! ;16FF/+-;B!
showing an improved hydrophilicity compared 
=/!345!;16FF/+-;C!K/.:/@:.B! (=!<6;! F/?7-! =*6=!
=*:!*,-./0*(+(1(=,!/F!08345!-:1.:6;:-! (=;! =:7-
sile stress.

P(E(+6.! .:;?+=;! <:.:! /2;:.@:-! (7! </.\! 2,!
3.62*6\6.67!:=!6+C!<*/!?=(+(T:-!08345!767/F(2-
:.;! =/! :7*671:! =*:! 2(/+/)(16+! :FF:1=;! /F! 345!
and improve cell growth and proliferation. In 
1/EE/7! <(=*! /?.! F(7-(7);B! 3.62*6\6.67! ! :=!
al. also showed that the water contact angle of 
767/F(2:.!<6;!+/<:.!1/E06.:-!=/!=*6=!/7!345!
scaffolds. They also showed that the number 
/F!KP4;!6==61*:-! =/!08345!;16FF/+-;!<6;!7/=!
/7+,! *()*:.! =*67! =*:! 7?E2:.! 6==61*:-! =/! 345!
scaffolds but also higher than the number of 
KP4;!6==61*:-!/7!345U1/++6):7!;16FF/+-;!L%NC!
]7!6--(=(/7B!P(.(!:=!6+C!;*/<:-!=*6=!345!;16FF/+-!
treated with air plasma was less hydrophobic 
67-! :Y*(2(=:-! 6! GG^! (71.:6;:! (7! 1:++! 6-*:.-
ence compared to the original scaffold (22). 
Reports by Shabani et al. showed enhancement 
(7! *,-./0*(+(1(=,! 6F=:.! 0+6;E6! =.:6=E:7=! LA%NC!
'/<:@:.B!/?.!;=?-(:;!-(-!7/=!(7@/+@:!1/E06.6-
tive proliferation efficacy testing.  Therefore, 
<:!;:+:1=:-!0+6;E6!=.:6=:-!345!F/.!1:++!1?+=?.:!
study due to its suitable hydrophilic properties. 

S/=*! =*:! PQK! 67-!KDD! 6;;6,! ;*/<:-! =*6=!
KP4;! 167! 6==61*! 67-! )./<! /7! 08345! ;16F-
F/+-;C! R+;/! 08345! 767/F(2./?;! ;16FF/+-;! (E-
prove cell adhesion and proliferation compared 
<(=*!D43C!Z?.! .:;?+=;! 6.:! ;(E(+6.! =/! =*/;:! .:-
0/.=:-!2,!P./?_(!:=!6+C!F/.!*?E67!KP4!1?+=?.:!
/7! 345U4/++6):7! 767/F(2:.! L$JNC! !D*:! .:;?+=;!
of our study also showed that the proliferation 
/F!KP4;!<6;! (71.:6;:-!/7!.67-/E!767/F(2:.;!
compared to aligned fibers, a possible reason 
for this being that random fibers contain lots 
of interconnected pores and rough surfaces that 
assist adhesion and proliferation of a great-
er number of cells. Similar results have been 
.:0/.=:-! 2,! `::0(\6! a?0=6! F/.! =*:! 1?+=?.:! /F!
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KP4;!/7!.67-/E!345!;16FF/+-;C

The results of our study showed that electro-
spinning provides a nanoscale environment for 
cell 6..67):E:7=! =/! F?.=*:.! .:E/-:+! =*:!Q4KB!
67-! =*:! ;?.F61:! E/-(F(16=(/7! /F! 345! 767/F(-
brous scaffolds by plasma treatment serves as 
an effective and convenient method for im-
0./@(7)! =*:! *,-./0*/2(1! 1*6.61=:.(T6=(/7! /F!
nanofiber. Futhermore, cell viability and cell 
morphology indicated that the electrospun 
=.:6=:-! 345! ;16FF/+-! 2:==:.! ;?00/.=:-! )./<=*!
/F! =*:! .6=! 2/7:! E6../<! -:.(@:-! KP4;! 1/E-
06.:-!=/!=*:!A8`!D43!1?+=?.:!;,;=:EC

Conclusion

The major challenge in tissue engineering is 
to design and fabricate a biodegradable scaf-
fold with a surface suited to cell attachment, 
proliferation and differentiation, and one that 
can assist in the process of tissue formation. 
Evaluating the in vitro biocompatibility of 
0+6;E6! =.:6=:-! 345! 767/F(2./?;! ;16FF/+-;! ?;-
(7)!KP4;! ;*/<:-!1/E06.6=(@:+,!*()*:.!KP4!
0./+(F:.6=(/7! /7! 08345! 767/F(2./?;! ;16FF/+-;!
=*67!D43C!b:;?+=;!/F!/?.! ;=?-,! ;?)):;=:-! =*6=!
although aligned nanofiber scaffolds are useful 
in tissue engineering, random nanofiber scaf-
folds better supported the cell proliferation 
process. These findings highlight  the potential 
/F! ;(E0+:! 0+6;E6! =.:6=E:7=! =/! =.67;F/.E! 345!
nanofibrous scaffolds into ideal substrates for 
tissue engineering applications. 
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