(89 - oode) b 5 Jgho dhmo gy Yho
FOI-FTe PO sl o oslads & Ml

Sl (ukigo sglaio &) (oF S — Lol g (w39 51 gy 99 UPLGA youdy 31 (b yiuws Sl
" Ph.D. s (st s " PRD. 655 o550 T Ph.D. obbl semo dums & PhD. il ! 1gais  MLSC. oybodws dnzs
oMol Sl3T oIS ¢ o5 Sl g pols dnly gy pole SIS ol G ) 09,5 =)
Ol gl gl (g39l9SSgn Csbly Licu ng (Slaeyglid 09,5 =¥

Olnl owdor 9 yodyoliinghy ¢l yioge 095 ¥
atyabi@pasteur.ac.ir, mohammadatyabi@yahoo.com : Jgiue ol s g piSI oy #

WAYIYN - by o ERV AT T

RS

b 0aliS pazr Loy A 5o 00 angd Slo sl (59, ok 53SS 2 (ElSssisl ST jelaie (rema 08,5 )15 bl 5 aslie
A dlie ;S0

P95y Seon dasgi b )il (65505850 00 Sl (g9 2SN 5 (S SiS Slazsil (o9, LPLGA I ol s il g g 3lge
MTT g5051 L g o ools cosS lajlislos (5, obge Sy pd (slashor  Joho Colad Lromin gz 0 (o) 59 7S]

20,5 gy
MTT s by Grali8l Lo o8 o 1 i c00isS mozr (2552 Caepr G331 L ls plis (5 2S0l ogSig Se gl b
St bt 5 L5 ol b (S Casolazd] bg, 4 o dags PLGA (gla iy 45 5,5 Laseitie cclis YF 1o o pee/+0)
S5yt Jslow role 03 LB g Jolins yo b 4y el VY 5 FA Sy S aalal b sl 03,5 pal 3 Jshoo (sl orolio
otz i oSSt szl PLGA s Las (g5, 5 bl ol .l Ltalidl LT o5 Ltalsél b caliiio PLGA. (gla il

G994 S 08B (o9 2SN (95 4 PLGA jloas aislos pdgil (69, Jobw e 0,5 Joe [S5ks Jol> zul 15 yud azxcts
Ay oo L5 4y 0SS o e Jskoo i 5l gl 30 e 15356 Sy olgieay plite sl el s osdle g S St ooz
el 05 s g sk 2 S & o 5L

5 St — Lozl PLGA ¢ o y5 S gl el ooviigen + g0aslS” 5515

Yo IFAY 500 & oolod & Wl o Eb9 3 — oole) 3 /LU /aloed


www.sid.ir

0o g bedlw doxi

o olozxil g ot 5958l o9y 90 LPLGA jouly 51 by el

S (oo o amlio g0l sladgbe Lot J71S 50 Logas
5 o2lb oLSel 3 slo L o b (6,58 by (V)
L 5355 03,5 o813 |, dpir s S (i
PSS Jeo8 oele i lide sloaoye 4 353 39
03,91 8g->g1 bl i alox 5l sy aliSe sloasly

(V)

B8 S8 o5 5 VL Jorailsy oyl s ol 9
S99 j_‘.:.@yl._) ool 6‘).1 LSM 6L®w5) (\Y) Qilools
Slojmg ol (S ;9,58 g,y 3 Gl Lo jo a5 o)ls
il L (S 59,580l gy cConl 00ls olazs] 0g5 a4y |,
12 55 b L s pdy JAS dn sl (S 5 50
i 335 &1 s A5 B e BB 5 yacl Slga 5 S5
15 ity a1 3 085 V0 O F A OY) cl 05,5
35 sl Jsle 3% sl S S Jalis IS o sl
g dg olS aials o 5Ly el LDC 4,855 aie S5 004 S
Lasgs ool odgi (gl ydgil el il BLIN ouisS po S
as K9l o 6)5Tén..’.> oduis a8l aSlils SO ro)éd_g w)ﬁf;in
SHLSe STy 9 Solal 65 ctx L (ol Vgone
§ M5t ol 2 oS ple sy ol it
),ul_a An A >gs L ool uammﬁp.'a.m LR 20 Lng),...syl.s
3 des sy oy e 8 4 e 3,555
el 8], o b alin (daee 05,08 danydgil «Jolo g
Lall Ly oolsils ey 3late S (sl oy 1 (ol SI5SCIS
slacanls colei gl as (V) aisl oo b sl ouSg 002
Olyme 5,18, 00,5 o el )] 51l pwoige jO (5 i
iz Sl Sy B PLGA arls 5y a5
05 cdl uliad ) )T (SGSe la S ol
S SIS s 5 sy ol ol S (g (ol Syad i
Sl g 150 5l XS 5 (09 (gomyed Sl (S o
Gl 8L csdige 10 T 0I5 BYs 5l aS sib oo youds o0
soely lsiea PLGA iagiy ol o (YF 5 YT LYY V)
L PLGA ;8450 ol ¢ s 90 ¢ o ol by s 0055l
—olozmil (g, L PLOA e 67505 5 (a9 551 s,
Glym s 5 a g (VP 4 YO) (freeze-drying) o, 5 Sas
Hly sS4 e AU (232 9 o5 S ST i
a3 o y9y Sl 5o 18l ¢ Joko aile 005y olils

AT 5l o osled € o (2895 — ooke) b 9 Joko dloxe

LV-RN-7
0351 3253 Ol L 5lns 5l (K ple o8 S5 MLt 5l (S
L 5 oolsl 15 5 slacidly (g5l sl axlad oo il e
R e R N T
ki ol Al dnsgd a5 (555 Sk iS5 el
cobie (S8 LSl b Can)ls S el g (b L cdl
s Ln sl Soiar oISl o8 il Loyl o] ooy
355 s 1t o S5 sl 2l
(Ve ¥V o)) oS ol 1) as <l 055K g o) culys
A5 loas ablo sk 2 )5S ile b Lo sk cily S,
)l 05 i 5 i sl e ) o 55 5 b
L a5 ol gt 5L 3o s s oLl
ot LSl iy Jher Faior 5 e slassi oS
L) Jol sbojlidy Jobw F Glasiiy b g wnd oo 1S oo
S - Jo Gl i 55, (ol 5 e Saln
L oy e s 55Ty o i 5 o 25
i (05 F) ol oo 0 51 00iiS Coles (sl 3515
Cligipw ;0 aS ole,eSl SLulil ats) ;o 0ol plxl
oo sla sy ol o5 ol ol 5 Sl wiils 28 ke
35 s T el sl 5y ke Sty 0
Sl JiSmw adgi a4y ol aS 08 4y amie lae S ol
) Uiy S5l (5) el (s el Ll i
Sloseg mtl 45 22k o Jsbos s sloosi 8 05 oo
B ok )5 oSl — ok VLl 5 5 505
5 sl Stz 5 Jial (A gAY $) 4o sl
ad,S 8 ey bazlye 1o Jolo SO 5L, (g9
TS Sl aalllas jl ol slaazdl wilo o 5
L (B8589 olom ats S el o (mb (Jls
O 0 05250 sla,dsil sl p 1) patin g plite (55w
o2l 5 A el 3L 1 5,5 e b Ll 02 45 4 o)L
L Jsho )5 S 5le wline (o285 &5 ol 3929 (s
L sk (6055 abalig a5 |2 o8ls (g0l Capad] AiiS co L]
@l ol (D) o)l eage o) lagl )18, a0 (20 IS
T Sl Je e i s pdign it 5 45
G Pl il ples anl woms plil |) ands Jolo
Jlw 5o 50 gl sl ansls 1) o 4w 9 (B1,55:5590)
DS ke |y Jobo )L, 50 (BSas8 U Gl VAN
ook B L3l (3051 ool 8 L SIS 555530 (gl o

Yo


www.sid.ir

0o g Leodw dozxi

o olozxil g ot 5958l o9y 90 LPLGA jouly 51 by el

S Lal edly (i )0 (bl A8 (b sl
rory 51 el gy Sl gty (nlye elul e
—obozsl g5 5 (o2l s, 4 955 sl L PLGA
Aloghie e 4y 285 18 Dbl 5 annlie )90 (S SiS
0 00t a5l 1dsil (69, n (Jobv 25 (ST ne5sl

S LB (65 i 5 )Ll (Ggls8 )90 dulie
Lo Ll ey Sl g e (g9 2SI (sl 53 000y
Hitachi ) Seoasul (S 28U osSng oo b Ol Sl g1y

b ol &y oS VD 5y 4 (S3000N

Jobo olo (e Sa ilo YO (slo Sl o b oS’
Ol ol 3 Gll ety gl SIL929 (tudlyg o
Roswell Park Memorial ) RPMI-1640 Lo ,o b Jsl
pyw S0, V¢ g9l ( Gibco)(Institute-1640 Medium
S5Sole 31 S 5T JsLre 5 (GibO) s
S oo Vo s oy Mg Ve e o ¢ ((Sigma)) - - X
G oo 2 50 et gl 59,500 YO 5 (rpmmilogiy oo
A>T les 00,00 cugb, L, COy 5Ll o
cells FA o Jslos cotS Lme 5 0 g l0aSs of 5 il

iy syt y3taie a0 ity 6y U jlow Gt j iy 10
1929 el b slo sk o515 45 oy Lo s 5L
ool b coy Jod 0B 8 4y ol oS SLdld
4ai 8o 0 LY 5l e (GibEO) wo 3 #IVD s 5 Jolxe
AY L ke 5l G giead las Jelu cuas b 5l e gl
L35l a5 s YF euls 38« Sal> o 4 Jolo) » Tolaws )Ly
Jie ceals S8 T8 ase e il Vb el sladiges
Soyo SO laoslasl jo Ladiges 40,5 b ol (gly ol
gabools JI 8 Lyl slocd b 9,0 g o oy e sl
Azl B yme ;0 4880 Ve o 4 digel Coows 90 1B
sloassed 59, = b 2255 5 0, w5, 08,5 1,EUV
A (6,10 pnSe 5 onaline

9 003 laJshw (e (ol il o Codold (o) p
(2l )i e w3l Collad e Ghomis b la i (55, Jla
S le el 0,5 laz 5l G als s MTT iz lassgs

Yor

98N a3 50 e Jalge 5l (o 0aiiS gex i3y
sl Sz b ale i (50)s] cwoa 6l 45 col
Gaca U Limgis ol (T3 5 YA YY) 05 o Jlae! calie
9§ Sl (i enlie sl iy Sl 0l Sl (o)
ol 3 By g slpr o ploml ol 35 50 Lol 2

2 plonil (oS Sad-olozmil g (g9 255 sleeds; 4 PLGA

by, 9 Slge

g Lo

G595 L PLGA (sla gl it 19 50 500 posdipl g
S s s g M5 S (355
5 Ll sl oib &8 5 csly CO881007NYT o
ol 39290 Gl (cordg g pecly oamghy o a5
A ol SIS VY Caed LPLGA Joloee o oolaul
L ol wt 30,000-60,000, Sigma) oyl S5V
L p 89S [aele 3 Jiie (69 (o5 55 Pl jo o po Ve cdile
O Aol (g gl ST Ve olSiis 5l ol 4 Vo ) cond
sy g a2l ) B (5 i 00 mex U (A1) (3gm
Celw il eV Gige S8 4 peedy Jeloe oS Gy
Eor Sl (Bolai 5 plais sla b agd slp oS 4
B0 ol b ogeivasll 489 L oot ooisy (slalyinl sos
ol s ool liss W 25 it b e e
o 53 4 2 plal gl byl s 55 (sl ]
8 s y2rdny 09 Sl 0l S8 sla ke pled 03,50 An
599 YO g VYYD YO« i ds ;0 45 00liS roz jid >
7 Lo 00 S oz A5 7 St 0D A BB

Lol g0 L yd (5555890 5 o5l

oo VY s (i el g b s et
Uslone yosms 05 a5 (TFE) gl 3618155 > 5 PLGA
oy (sogmimegdl 485 Sy L )] S a5 Culy S 4y Jol>
azyd Trgbaes Ly an oy o8l L) g ouls
Vo 4 e Joloe ol slozel 5l e g 0l Jiiie of 5 il
Jlae jo oad ags Ll 285 1305 e o 55, Y I

A (6 loaSs ol 5 il ax 0 F sles

Ly sl e Lol iy o oo o0 b i
TS oSl ol jo gan aw ame (595 w0l 3

1FRY 30l F osled & Wl o hdg s — ole) 8L 8/ g /alxn


www.sid.ir

OlhHSes g leoduw dozx

v Olozmil g (o 3951 9 99 U PLGA ooy 51 o yimns sl

9] gy Ko

s Lol Jisb o by cole (i) 186 (owyp jslaieds
ety T8 5 LI 0aiS sz Sy i il
S i3bad (S5 ySl oSmg Soe 5l ooliiul b 189l (555158590
ez iy s e Gl L aS ol las bt s S ags
O JSs) cl azdly olidl 50 La s ol ol coasS
—obiozzil by, a0l angd i e LSl rioren
Dgd o oy ¥ S jo S S

b picues () U jlw s

35S sl gl (g9, o Jsbow <SSl Jol> s
L oSS —olesl (g, dm ool dgs s s g 00l
P eip Op9e g osaliive (Jgase (gSae 9SS

=l g S o dged Jloz o 9590 50 (T JSH) 285
S5l ) Sl a5 35,5 cumlive bl Caans 4y b Jskos

il e b il s

A plel o leds ¢ o0 /YO s 55 Jalome b SLDE &S
S a5l VE col 0 o Scal> ;o an Joko) < Tolaw
aalsl el VY U5 ok cetS o Jiie il gl yiny
L i 53 Lo sl iS5 (lizn el YF 5o 5 2y
3 o A5 O ygmo s il odusmiw MTT cas 5l ool
MTT Jylone 2y oo Vo0 oS e 8,5 )5
AL Jsle L) (PBS 53 5 oo 0,5 o ) (Sigma)
ISTEENCRRT SONEPEN K SO PRI DO JERCH I
0 Lol s YF coly 5 Sale 1o 4y oy doyd Ve gsime
A (5,055 ol )T il 4z 0 YY sles o celu ¥ o a4y g
9595 )5 B LMTT Jolows (gl S Laoms s
65 s Sea 1o+ e, isladliin S 0,5 J> car
5 omgs,S wlol Sals ya 4y (DMSO) sl il o
30 69 wdz Glieiad (618455 SO )U 0 ad B VO Doy
ELISA o&ius lawss (A Refi#Y. nm) OV« nm zge Jsb
odsbe suy clbls .o ouslys (BioTek ELx800) reader
005 dalre J5US 4 digel S S0 ;0 )90 4 Lo ol
S(ANOVA) Ll g 5JUTSPSS 58l 6 5 bawgs gl
Al Jelos p<0.05 (g o cre la

29 otgr ) slo sl (605 5 plid 0 0uiiS maz iZ 2 Sty G i PLGA 043 (5,8 jucbpil 1 i i8] 15505000 1) S0
il i8] by o Lsi (0) TO+ - 5(B) VIV 4 (@) T M 1 osisS garr a5y o pes Sl b iy o olice b5 IS5 5ol
bar: 10um) cool obiioli 5 Solar s, SCgz I €) yuodsili b duglio o @) pusili o]

1FRY 30k & oslod & Ao ((dagh - oode) 8l g Jokw dlxo A AR


www.sid.ir

o502 9 yleoduw dozxi

e Slozmil g (quunt 59 2SIl (b9 99 LPLGA jouly 51 (o yiuwy sl

SEMHV: 2000V  WD: 18.7290 mm
SEMMAG: 1.00 kx Del: SE
Date(midly): 071712 guest

bar: 50 um) Jslo 5 i —olaze] (35, 4 0dd augd ey 1 s S S5 K0 oV S

rpm (Vo 1V rpm (Vo Fd e 1pm 9,5 (ol poboili () el Y CLdS gl i LS 0 Jobo A5, S 0ds dagd pglai :F JSG

Gt ol o biio dy pyglad ) it 10y pyglai ;0 ) 0,0 Gblis (aw y9cs) Cocio J,iS (@ o 5 Sis— ooz i (F D - -

23 08t At (o 9 2SN (6L 8l Ceon 4y (6 S S
b 5 e 5 o oanlie dids 5 568 YO+ FAYVA
S Sid —olazsl s o1 51 e g YO IPM  sans 59 125!
3 o el VY s iols ol | 6 o g 5 &) ials
5 i pled (595 32 Lok cpgs 59; b dmlie )3 coess
s sl s |, i (il 8 oS s oladl i

92 90 9, @lie pom 59500 ;0S5 b 1o s s lie

b g PLGA oy 5/ ouds a5l (slo s (5,550
o Cela VY o la s (555 2 Jsko 9 (liee (158
palai g a g Lol oad ool lad ¥ S o cns
o el YE 0 Log S 0gSug oo 5l soal st

oS Sis—slazil gl s gl Gliee (! & al a0 s

G5t o Jsl 39, b analie 0wl FA Sl Gy gyt
Bl il g S i ek 4y b p8eil o o Jgle ST 4
5 oo 93y Oliee e RS laaiged anlie 5
" ¥ 3

rpm (V' YVO rpm (VFQe 1ipm o955 clo bl () .Celo VE CisS 5/ oy boyins (59, o ol A3, 5l ol dgs puglar :F S5
Aiaaatd 8y piglai ;0 STy 0, Gblio (fiws ok ) Coco [t (F e 5 Stz olazd] jiww (FFD - -

u..\_'Lc o..\_i)’ o0 u;w)ipés.»bl.b)m ML&L@)Q !
YO« g \YVOIPM Lo, ol a4 Loy po yws (59, Joko

() log03) 09

Yoo

MTT ixiw gl
)| A Cawddy )JjLa.a odusS Sl MTT cows )I J..al} @Lu

e Sy faged j5 45 jslalen S esSan sKess Sen

IPAY b o oslad i Al o i893 — oole) c3U8/Ugh/ald [) |1


www.sid.ir

o) g lodlw anzxs e Lozl g (o 39,581 (B9 90 UPLGA ooy 51 ol yims el

120%

100% = =
Z 80% - - = z -
E 60% 1 ~ m24h
E 40% — m48h

20% -~ — 72h

0% - . . . .
e250 el375 e2500 Freeze-D blank
scaffolds

IFVS rpm (Vo T 1pm sy S e boili () 5,000 b e lds j0 Lo, (59, o Lo foles aiy lico MTT iz j/ fol> gulii ) fogas
PLAl ANOVA ;LT Lp < /48 (g )oline has 15 Gygail ol ( pio (9 ) Cuio JiiST (B ¢ 5 SCts— Slozil i (F e T« + rpm (¥

Sl g i 80 as YNl [0 G yle Slalllae
a5 Bl ply sloJsSge 4 Gl 28l S o (Jsbe LS,

gh olad slaoss S 5 wsbioe )y Jobo o
=l sla,lal o Jlis 4 R lagyl Jokoo
O ok cenlio )13, slml )0 mpe Jole a5 o0 ol
RSy L salne slashe 508 5 ol e 5 3l
T oS ile 5 o, 56 e sl sl 5o
el Ly o angs 2l S Lol ol 51 T Jslo
oSl 5l adis (o waz gla s b 50 05d o0 ol
Slodmzm oS5 0, (aliwan Coenl (b Jobo )5
|l ol 85 oo 5 il il slo Sy
5 ol 3 sk 4 olsan s 5 s 5 bl
S e (s3lalel, jelateds (Ve 99) Wl B Jolw & y>les
sladels (o2lb ((Jobw )3, 595 sl Foe Slusely
by o S slool Sl bl ol g, uizmed 5 (i
Ay 50 Syl Sl oolainl Coenl (YA) Cunl il pwdige

5 Curtis wls (Las ) ooz ok Jobo Sdigipm p Lame
Jeb ol (Juliguil sbodshe 5, 2 ST ns A8 e
Slidos (V) 05,8 ke )b sl sl 1) (dlog b
S Ladshe glslas oo ol 5 (S b e cnl 5> sdn
sbadsl 5 Lagg)ss da cudlsmiul daceudlby b calax
(V) amd oo galy (S5 555950 a4 balul e ontilie ool
@S el ool ol csnl Bl azsl Slalllas ol eles o
O Sl g Sl (B S5 23 cod ol slaguly
IS S plgreds (S5 059,50 b dlie y3 (31555l
50 0590l (YF) 005 co Ggumo Joho L8, j0 Lo ol
059 42 g )50 (g Sl bl (Eon 3590 Slgnge e
JSs an o el Gl il olass )5 )l 8
A& Jobe codgd O 2l 5 s oline oLl
ogdle 8590 (nl MBl(os 0dd S0 g plate yudeili a5 G (o
Lo ye Lzl jo oo glacdL L i 550w
aslllas (Jlo sl (TF5V0) wililioo 5 ote Jobo Loyl
ol 3,5 o plate sla gl (5 ange) )3 00 ploxl
099l ol b Joho i pled e ) Sen 9 Zi Lo
S5V (L PLA plais o 585l 59, 2 1y Sl

U oy B8 b lalllas rizmen (FY) 3l (Lt (3

slasho o5 (g ysbar Sl Ban S8b e i 5 3Ll 3l
AU 9 00,5 el ) £9 5 Cen)ld (55 00 4L 4y
Lo s a5 Jlal sloy5:56 oiiS o 1, sie35 &Y
GRIB) sk pzles 5 Jlasl S oo o goad Ze)lo
L) e =5 0595 Jo-bo 5 53l Loy Do a3 g o3l
A S S0 S S g oz e (T 5F) weo e alS
Wbl JSe0p (oamb (Jobe )5 S 5le (5 gl A

Sy pd g Sdgiinl slo Joku 3l eslanul b SIS g8
SLis (F)) oLl o Xie (F+ 574 FA) Coul o0y ol

1FRY 30l & oslod & Al ((dangh - oole) b g Jokw dlxo W\ YoR


www.sid.ir

0o g Leodw dozxi

o olozxil g ot 5958l o9y 90 LPLGA jouly 51 by el

el 00l plseil aidS o oS Sldlae LS jo ioghy ol
Cdy po a8 S 8 e le aSLIL S cul ol age (Ko
St Gy ol Lol i o0l S e (g 9,5801 018
@ B Qaile,) Caz pome oRinlej] @ Lass a5 el (gloslu
Sy Dslite slasisdsd s b (o ymd o)l 5L 6l bk
(o9 o=l o colaiwl LB slge £5i5 gl Jols cun g 2SI
s JLail Gl 5 YL s oy oo b (5 s 05
s sl 31 iS5 S ol bl oy oy sleJsho
Ol = 1y iz o(FF 5 F0 FF) s LB g conlin J5dss

Glo gl 0 ,LS aio) o 1) 095 Slalllae a5 ol atils

o dslel Gl pwidige jelaieds 00l w9 oS

s PLGA (sl 89l (59, 1 Jobow iS5l Jol> gl
aly flas S Sas—oslezsl g, 4 oals 4 PLGA (sla,8
Lo YU s sloul 4 azgi b S Jol el YT o oS
9P A Comd (6 (St (S SiSolezdl
PLGA ;550 blae ,0 el YY U ciS aolsl b Ll cusls
ek ok )5 Spile 4 (] JLle (o5 4 ax gl

D50 &) (6500 8,5 Joe (Jobo 5555 olul o

Gl 33 9 )k

98 Sy (i Sl 35 0 Colex U Gad ()
aS ol el oyl Olidmig pele axly oDl ol olKiils

lios Jocty S g pad (Ul Sles; 5l alewgin o

&l

1. DM Y, Fisher JP. Polymeric Scaffolds for Tissue
Engineering Applications. In: Tissue Engineering.
(Bronzino, ed.) CRC Press, Boca Raton, FL. 2007;
8-1 - 8-18.

2. Belle. Tissue engineering, an overview. In:
Belle, editor. Tissue Engineering: Current
Perspectives: Birkhauser Verlag AG. 1993; 3- 15.

3. Yusop AH, Bakir AA, Shaharom NA, Abdul
Kadir MR, et al. Porous biodegradable metals for
hard tissue scaffolds. A review. Int J Biomater.
2012; 2012: 641430. 10 pages

4. Langer R, Vacanti J. Tissue engineering.
Science. 1993; 260(5110): 920-926.

Yoy

PLGA ,d5il (o5, » 05l Codlyg yod (sl Jphos 457 wisls
GrS Stz Oy 5 phiels (65515890 Sy (Solai o8 4y
Sy »2 B sbe a5 cul Jl o cpl s oo lis |y sadein
L (5993 90 okaie pyd j0 ool as PLGA ;. 84l
asdllas [0 asols lis o ynd slaael (o 1, sasiv CS >
zlss s plosl (FY) il )LSen g Lee vy 45 (6,50
phie o yd 55, 2 PCI2 a5l led 5 o) 5l elie
o phaiels 0,8 b awslie jo (Poly PYrrole) PPY-PLGA
oS el ol ol el Bl ass] Sladllas ol 40 0wl Cavsy
o Sl gl (Bl S ener 5L coos Jolw slagwly
55U e ol 5585 b dhlin 5o IS5y
o= PLGA @l ;0856 (g5, o Lo sl o) 5l Jol>
g 00 plzeil sld Edgi wnl Caga )0 o g
P MIT Cs s 5 hsSnn o5Sg S 5l ol sloail
gy 0o agd PLGA  (slo s a5 olo lis Gados ]
Sz MU 555 e S 4 S Sz oladl
Wioms ol V¥ 3 45 5500 0 3,5 81,8 Johos 511 ol
bl (i 9 SSIPLGA (6l gl b s lin jo oS
YY 5 FA jo S aalol U Ll eogn yiion Jokw asle 0035
89y = Jobs Hasile 00y do)n (5l e jabody (el
ot a5 I 5 ol al3l oas e s 2SI PLGA o idgil
o=l b e oS Sis—olezil PLGA (sladises (59, 5 Sy
Gl s cpl il pomd @l 0,56 glaiz s 55, ¥
555 ot cmslin Jslow L3, slml 15 PLGA gl a5
oSaple an ol gl cald 4 g by ol g
oy St S S92y o AT (pl (aeb (Jsbe 21>
o oS Stisland b, sk 4, 85,5 5 b 56 ne
L gl 45 WS e oy anlllas oyl s s oslicd
5 alg oo S S —olezs! PLGA | avglas 0 PLGA
Lo rdgils (oo Sl aizmen il 4 Bls (g0 35 Joe
30 599 Y0 ) plaio py8 a4y 00l Agd o8 0l pun 9 2l
el oS a5l as ol lis |y s 5cgllhe bl (aids
oHlSen g Lee cpzan | LSen g Xie  iwgimy 5l Jol>
e py8 0 oad a g sl s gl s S 3158 obl og
2 Losh lai 5 a5, 5 5 el plinal & o

O9 e (59

1FRY 30l F osled & Wl o hdg s — ole) 8L 8/ g /alxn


www.sid.ir

0o g bedlw doxi

o olozxil g ot 5958l o9y 90 LPLGA jouly 51 by el

5. Chen SS, Fitzgerald W, Zimmerberg J,
Kleinman HK. Cell-cell and cell-extracellular matrix
interaction  regulate  embryonic  stem  cell

differentiation. Stem Cells. 2007; 25(3): 553—561.

6. Yarwood SJ, Woodgett JR. Extracellular matrix
composition determines the transcriptional response

to epidermal growth factor receptor activation.
PNAS. 2001; 98(8): 4472-4477.

7. Andressen C, Adrian S, Fassler R .The
contribution betal integrins to neuronal migration
and differentiation depends on extracellular matrix
molecules. Eur J Cell Biol. 2005; 84(12): 973-982.

8. Mruthyunjaya S, Manchanda R, Godbole R,
Pujari R, et al. Laminin-1 induces neurite outgrowth
in human mesenchymal stem cells in
serum/differentiation factors-free conditions through

activation of FAK-MEK/ERK signaling pathways.

Biochem Biophys Res Commun. 2010; 391(1): 43—
48.

9. Hynes R. Integrins: bidirectional, allosteric
signaling machines. Cell. 2002; 110(6): 673—687.

10. Larsen M, Artym VV, Green JA, Yamada KM.
The matrix reorganized: extracellular matrix

remodeling and integrin YOA ignaling. Curr Op Cell
Biol. 2006; 18(5): 463-471.

11.Shi J, Votruba AR, Farokhzad OC, Langer R.
Nanotechnology in Drug Delivery and Tissue
Engineering: From Discovery to Applications. Nano
Lett. 2010; 10(9): 3223-30.

12.Cunha C, Panseri S, Antonini S. Emerging
nanotechnology approaches in tissue engineering for
peripheral nerve regeneration. Nanomedicine. 2011;
7(1): 50-59.

13. Venugopal J, Ramakrishna S.~Applications of
Polymer  Nanofibers in_ Biomedicine and
Biotechnology. ' Applied  Biochemistry  and

Biotechnology. 2005; 125(3): 147-156.

14.Frey MW. Electrospinning Cellulose and
Cellulose Derivatives. Polymer Reviews. 2008;
48(2): 378-391.

15. Bjorge D, Daels N, De Vrieze S, Dejans P, et al.
Performance assessment of electrospun nanofibers
for filter applications. Desalination. 2009; 249(3):
942-948.

16. Liang D, Hsiao BS, Chu B. Functional
electrospun nanofibrous scaffolds for biomedical
applications. Advanced Drug Delivery Reviews.
2007; 59:1392—-1412.

17. Tungprapa S, Puangparn T, Weerasombut M,
Jangchud 1, et al. Electrospun cellulose acetate
fibers: effect of solvent system on morphology and
fiber diameter. Cellulose. 2007; 14(6): 563-575.

AT 5l o osled € o (2895 — ooke) b 9 Joko dloxe

18. Shaoping Z, Wee ET, Xiao Z, Beuerman RW, et
al. An aligned nanofibrous collagen scaffold by
electrospinning and its effects on in vitro fibroblast
culture. J] Biomed Mater Res A. 2006; 79(3): 456—
63.

19. Shaoping Z, Wee ET, Xiao Z, Roger B, et al.
Formation of collagen—glycosaminoglycan blended
nanofibrous scaffolds and their biological properties.
Biomacromolecules. 2005; 6: 2998-3004.

20. Theron A, Zussman E, Yarin AL. Electrostatic
field-assisted alignment of electrospun nanofibres.
Nanotechnology. 2001; 12(3): 384.

21. Gunatillake P, Adhikari R. Biodegradable
synthetic polymers for tissue engineering. Eur Cell

Mater. 2003; 5: 1-16.

22. Shi G, Cai Q, Wang C, Lu N, et al. Fabrication
and biocompatibility of cell scaffolds of poly (L-

lactic acid) ‘and poly (L-lactic-co-glycolic acid).

Polymers for advanced technologies. 2002; 13(3-4):
227-232.

23. Baier Leach J, Bivens K, Patrick Cw, Jr ,Schmidt

C. Photocrosslinked hyaluronic acid hydrogels:
natural, biodegradable tissue engineering scaffolds.
Biotechnol Bioengin. 2003; 82: 578-89.

24. Athanasiou KA, Niederauer GG, M Agrawal.
Sterilization, toxicity, biocompatibility and clinical
applications of polylactic acid/polyglycolic acid
copolymers. Biomaterial. 1996; 17(2): 93-102.

25.Xin X, Mohammad H, Mao Jeremy J.
Continuing differentiation of human mesenchymal
stem cells and induced chondrogenic and osteogenic
lineages in electrospun PLGA nanofiber scaffold.
Biomaterials. 2007; 28: 316-325.

26. Haugh MG, Murphy CM, O'Brien FJ. Novel
freeze-drying methods to produce a range of
collagen-glycosaminoglycan scaffolds with tailored
mean pore sizes. Tissue Eng Part C Methods. 2010;
16(5): 887-94.

27.Schoof H, Apel J, Heschel I, Rau G. Control of
pore structure and size in freeze-dried collagen
sponges. J. Biomed Mater Res. 2001; 58(4): 352—7.

28.Katta P, Alessandro M, Ramsier RD, Chase GG.
Continuous electrospinning of aligned polymer
nanofibers onto a wire drum collector. Nano. 2004;
4:2215.

29.Sundaray B, Subramanian V, Natarajan TS,
Xiang RZ, et al. Electrospinning of continuous
aligned polymer fibers. Appl. Phys. Lett. 2004;
84(7): id. 1222.

30. Kwangsok Kim, Meiki Yu, Xinhua Z, Jonathan
Ch, et al. Control of degradation rate and
hydrophilicity in electrospunnon-woven poly (d, 1-

YOA


www.sid.ir

0o g Leodw dozxi

o olozxil g ot 5958l o9y 90 LPLGA jouly 51 by el

lactide) nanofiber scaffolds for biomedical
applications. Biomaterials. 2003; 24(27): 4977-
4985.

31.Ushida T, Tateishi T. Scaffold Design for Tissue
Engineering. Macromolecular Biosciece. 2002; 2:
67-77.

32. Curtis A, Wilkinson C. Topographical control of
cells. Biomaterials. 1997;18 ( 24): 1573-1583.

33. Curtis ASG, Gadegaard N, et al. Cells react to
nanoscale order and symmetry in their surroundings.
IEEE Transactions on Nanobioscience. 2004; 3(1):
61-65.

34. Dalby MJ, Riehle MO, Johnstone H, Affrossman
S, et al. In vitro reaction of endothelial cells to
polymer demixed nanotopography. Biomaterials.
2002; 23: 29452954,

35.Young Y, Seung JL, Byung-Moo M, Won Ho P.
Effect of Solution Properties on Nanofibrous
Structure of Electrospun Poly (lactic- co-glycolic
acid). Journal of Applied Polymer Science. 2006;
99(3): 1214-1221.

36.Buckley CT, O’Kelly KU. Regular scaffold
fabrication techniques for investigations in tissue
engineering In: Topics in Biomechanical
Engineering, TCD (Eds Prendergast PJ, McHugh
PE). 2004; 147-166.

37.Zi Y, Xiao Ch, Jia Lin Ch, Wei Liang Sh, et al.
The regulation of tendon stem cell differentiation by
the alignment of nanofibers. Biomaterials. 2010; 31:
2163-2175.

38.Biggs MJP, Richards RG, Gadegaard N, et al.
Interactions with nanoscale topography: adhesion
quantification and signal transduction in cells of
osteogenic and multipo-tent lineage. Journal of
Biomedical Materials Research A.2009; 91(1): 195—
208.

39. Dalby MJ, Gadegaard N, Wilkinson CDW. The
response of fibroblasts to hexagonal nanotopography
fabricated by electron beam lithography. Journal of
Biomedical Materials Research A. 2008; 84(4): 973—
979.

40.Li WJ, Laurencin CT, Caterson EJ, Tuan RS, et
al. FElectrospun nanofibrous structure: a novel
scaffold for tissue engineering. J Biomed Mater Res
2002; 60(4): 613-621.

41.Xie J, Li X, Lipner J, Manning CN, et al.
Aligned-to-random"  nanofiber  scaffolds  for
mimicking the structure of the tendon-to-bone
insertion site. Nanoscale. 2010; 2(6): 923-6.

42.Lee JY, Bashur CA, Goldstein AS, Schmidt CE.
Polypyrrole-coated electrospun PLGA nanofibers
for neural tissue applications. Biomaterials. 2009;
30(26): 4325-4335.

Yoa

43.Geblinger D, Addadi L, Geiger B. Nano-
topography sensing by osteoclasts. Journal of Cell
Sclence. 2010; 123(9): 1503-1510.

44.Lee MR, Kwon KW, Jung H, et al. Direct
differentiatio of human embryonic stem cells into
selective neurons on nanoscal ridge/groove pattern
arrays. Biomaterials. 2010; 31: 4360—4366.

45. Sumit P. Belinda Pingguan-Murphy Noor Azuan
Abu Osman. Progress of key strategies in
development of electrospun scaffolds: bone tissue.
Sci. Technol. Adv. Mater. 2012; 13(4): 043002

(13pp).

46.Chung S, Ingle NP, Montero GA, Kimc SH, et
al. Bioresorbable elastomeric vascular tissue
engineering scaffolds ~via melt spinning and

electrospinning. Acta Biomaterialia. 2010. 6(6):
1958-67.

1FRY 30l F osled & Wl o hdg s — ole) 8L 8/ g /alxn


www.sid.ir

Journal of Cell & Tissue (JCT) Original Article
Autumn 2013; 4(3): 251-260

Preparation of PLGA Substrate Nanostructures Through Electrospinning

and Freeze Drying For Tissue Engineering

Salamian N. M.Sc.!, lirani Sh. Ph.D.!, Atyabi SM. Ph.D.*?, Zandi M. Ph.D .3,
Saeed SM. Ph.D.3

1. Department of Biology, Science and Research Branch, Islamic Azad University, Tehran; Iran
2. Department of Pilot Biotechnology, Pasteur Institute of Iran, Tehran, Iran
3. Department of Biomaterial, Iranian Polymer and Petrochemical Institute, Tehran, Iran

* Email corresponding author: atyabi@pasteur.ac.ir, mohammadatyabi@yahoo.com

Received: 6 Sep. 2012 Accepted: 30 Apr. 2013

Abstract

Aim: In this study we were investigated the importance of the preparation method of the substrate
based on PLGA polymer by electrospinning and freeze-drying method. To investigate the effect of
nanotopogeraphy on cell behavior, the prepared nanofibers were compared with each other in three
speeds of the collector.

Material & Methods: PLGA substratums were made by electrospinning and freeze-dying. The
morphology of the structures was compared by use of the Scanning electron microscope images.
Mouse fibroblast cells (L929 cell line) were seeded on substrates to determine the cell viability and
followed by MTT assay.

Results: Scanning electron microscope images showed that, by increasing the speed of collector, the
nanofibrous orientation. increased. MTT assay (p< 0.05) showed in 24 h that PLGA substrates
prepared by freeze-drying method were provided the appropriate attachment for the cell by producing
a porous structure. Cell viability was significantly increased on the PLGA nanofibers with increase of
fibers regularity after 48 and 72 h cell culture. This feature did not change on freeze-drying substrate.

Conclusion: The findings were indicated that electrospun PLGA nanofibers had the better
performance to provide cell behavior. It was expected because of similarity to the structure of the
natural extracellular matrix. It seems that aligned fibers acted as a positive factor to support cell
proliferation.
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