gl (S pole slmily oiia g3y (ale alas (B3I lis ) %8 3 JG
(€ <
(\YV@ )Jﬁ@)‘.ﬁ.ﬁi)\*‘ﬂV):\:JJ‘J)'& Noslads FY 8,40

29 GISAS s ls 5y cndly g b slad sl 53
sl S 95 91l ) gt
T Sass soinn 3spe 608 ael T gann Ly T pans Gacs stz ) et los s

Ol ol ol (a3 psle sl (sl Slidad GaaS Gl Sl Ol (K asle sl (S g olidas 30
o) gl gl (Sby pole sl ¢ JiSlse 5 Jobon Sladas 30"

VAV YA tGhdy g, ARV 1 gm s g5
s
Bl e sodacn 533 ey slasanly dhis 4 s 0533 @b sa) GOSila Sl man Ghas il (peaige bua 5 das)
Sl S acalllas Gl 5o st Gl s 085S (e agS (sl sladsls LB 5l sl A e Fewls Do 4 S
oS D18 (Lo ause el s slad sl LSS (hee sl Ko sllea 5 da 50 B ad soliial )y AS

g g 30 S gl o g slad sl wd) cga Gl OIS0 3 oad aallae Col Lo e Gy
0992 OIS S 51 2Y 0558 sl S g5 9Ilaa L 15508 s la 1V o s S i alsb ) slas s S (sans sladalllas
Ot el g 5ad Jsbowa 1(YUSS) ¥ o558 5wl Siigsallan L oo s Jsbon o(V JoBS)Y 0558 canal S5 5laa
GLASA‘ASSJABA\;\AJJ‘Q‘A__\UT‘Q_)JHY)JJP}A Q“MJHQ;LAJ‘#J%ULH“| sl&aia C.u.uﬁd:l.a.u‘ uSe.\J_)J.“fA
i (6,lugSs Ll CO, L LSOl Huy Jatie cniS slaids & DMEM ¢S lasas 8l yaa 0 Lo shew 5 (shlealan ‘U_Ali.i:'Lc_}T
SMTT (os, 5 sul@icl b 5 Jilie DMEM cuiiS buns (sl (o) Gla A% slacSaly o Jslaoylia oo o Joba3laly 5L win 51 Gy
o O g 8al s 4 ol 00 K (5 OIS Sl (555 52 sl (sl Jsbes 5SS < DAPI (5001,

2,8 5158 Jalas 5 433 5550wy BILSHIBE A (S5 oulal el o 15T slag sa)T Sl sl b Lasols 331 5

Ot o Lo U slas s S L dunlio 5o celen YF o aaad S g5 50l o598 OIS sl 5o MTT s (Sl - Ladiily
OSokie 0 b 4l g3 WP le (P72 1Y )als Lid Hla e (sobel il 38 waead Sig, sllia b 5538 85,8 5wl S 51l
el S5 5llea G 5 b GDGES G pla 058 L dewlie Hu el YA Ho sl Sig0la (s JAS 05 S Lo MTT s
S la 58 el Silas o st G5 P Hlalle (P</- - ¥)als L la e sobeT Gl 8l sl Sigslba b U 058
olel 5 5l sl g 5l G aa 9 Lo S-S slas 5,8 L denlie 5o el VY ol S lia 50 5 b ol

Ry ‘,Hu.la.a

L i oS0k 3o Sl suan ool sd 3l saliiel b ol5 538 (sla a5l oSl ol i o)l 58 4B
‘JL‘)JJLA?LA“‘_:J‘JMS‘JMLJHJ—J}JJ—:JJU‘)J::\SL&JJJ.‘L}A{M‘JM}LQ‘ xm‘dwlﬁjﬁsudp
J-:SSSG‘\)_:U_HJLSAC,\_:.H:I‘)‘Js&:\ d\,aiwbé&au‘&uﬁééﬂé%aiék&(sg;‘s‘x4SL£|LA)L-‘$L.“JJ@L@I‘L3OU\5¥

.QM‘OJ:}J%—A—HTL:A—A—HM—}J\):\:\A (SLA JJ.L.u

el S 55 Ilameiendls 5508 Jsles s sloe G5 S 1 gaalS (sla 831

SSlse 5 sl 18885 3 o g gunls (S psle sl o puls S (sl Wdge T Jghese sdicus 3
Email: mehrzadjl4@gmail.com

\YY


mailto:mehrzadj14@gmail.com

Ol S ol 5 cadly g omd slad sl 23S

9 G Al (LB dlaa 5l aiae - i)y
OYIV )l Hlassass Jalas

L b oo o an Lol sl
wals glaShy Gl Ly Gl oo siae
sladlSe i dbyu 5 Jlaws! sl i lasne
3 oo lad sl L5 0 aal 81, S
5 ol sliie lags s b wil s ol g 5md
3 Ja! Ll e 5l 0 Lol g s (slaSy5
Lacaludl gl ol alaa 51 aias GLEs 1y oA o Slac g
) ool Jals 4w S, il 5 OIS
] €588 I3 (i 4o 55 2550 ol

sola 5 cl (o w8l L S ol A8
sl sy 59 5 bl el 5 il sladals
ol agag ba gHlE ol b Sin a5 faibe
el 4 s sl ane 50 15 538 el AL
doass 0uslS b S ) T Sous o len g
2900 oSl b slas sy 8ok 51 aS e
1 oT ol gt omo laa o 51 (S0 lass
(VFVA)a S e s 58 53 o

o ey S lsie 4wl S50k
adwed adls Hu by (ol ola (S 53k ) (sloaac
S—aollw L i e Jel
el Jsls gola iS55l g OIS sl sOK
ol slad Sl 4 Jlas) aloa 31 5158 Galsa

“—Abd—i‘)_sgd‘_aan(é_‘i‘)(su‘)gub‘)_:&&

YO

ol sladsles (38U slacaw] b o
ddas &g s Sl Sae suy el sl
Gad S 5By Lol it a1l |, g5kl bl
by O O e sl Gl 5 a8 0l (L ol
Sleolai il 5 S0 wo S e sl gola sladsl
280535 (59558 5 Cadd 00K SaS Jgare slagsls
sy cual el Glasa sl Lslaie (pl 4wl
e b a8l 3T slagt g, dhins © ol
(V)20 g s el 28l ol ()l L =il
poe 5 (odige slaghy, Jolod odls uaige
9 obabe fn BLS dnlio g SHo 5kt 4 s
30009 el 5 allas Gl sla @b 5o Jee
@bl sl 4 (S3slon slagadsls alk
(Y=0) 0 s oo soliiul sl
dmole 4 g adly (5Ll b 5k 4
Syl S sl S ad HESE sl i lo
LAl 5 Jsbow 585 5 0y sl LB Olsie 4
5 saany B 5L 5 ghSad < s il Lol
Olste 4 e sias Sl 50 Lol (F)adl o aliie
WS aa 5o 590 S e suliiad Jola pHla S 5L
oS ile Sl L 4o o gias i lo HEA L
oS5l Gl el ge uald wdily 5 s pauls
i oo (ol HLI8, alasl 5o oo giae
Cibiie sla by o Lacslll sl ool (Vo) - el

Lo 30 O (Al cmled 59 s sl o0 g

(VYV 2 > o2 sSLad)VTAY 55 5 alua Y s,lat LYY s 502 Gils Glie ) dlas



Sl w50 GRS o a8 Jslae
ol Yo nbalite (s iy o as 0 Y
i Glas alKale T shitad ok S s Jslas
S e O cmanh g asd A OT D B
S UK (pld) Ot 4nden

sladole (a5 sbie 4 (Glas Gl o
ol oS ol s JBAL . Husndlw
FTIR s Aok Sl sulii wl b g 4ags (o 8 o s
2 gew 5 5s Perkin-Elmer =S 5% Aoy RXL s

Sl 52 5L a2
sad 5 S3 pWas by e S a8
SoSshslial Jols (6380 g o5 gu (V=)Ao
o 2l ST gua o 5 ul ge g0 ges 5 usL)
S oSl Sae Ve (o Sae iS5 sl
sl Sa S slasaly oo0 €15 OHAS Jsle
3oy 8L & el o siua Jlge e 55, sud
G 4a5a YV 5L SOl o celes YY e 45
s S

ladol o s omd sladslos S shie 4
ssla PBS Hu 1,y L) oIS A 5 sudd dagS Cau g
3 it Cnlo iy Sl 5 Galia Sy S5 5
Do gy 9 83 S a1y Sy a0 A Gur
o 5 80 Gl e (Bl VXY Sa S sladss
IS Jlads 5o el VA e 4 Sy Jslae
LSS (s Sl Sl ol a5 glie 4 a
po—s 9 DMEM (s 5la S JolS & i€ bins i gy

o 48lal il oo Penstrep 5 wusy0 Vo (598 i

(VYV 2 o9 (2 0oLa@) VAV 533 5 olupa Y s plad VY 6 00— (ails Glie ) dlas

OoSen 5 el Il suss

s presd 5 ol coalge G (Hlws,
(Y YV )auls sage 4 1y s ol
e slad sl 5 (S el 558 slad sl
ol S sle i L aS il e wiien il
(YN )aS e sl aglas b o 1) @il cpl (sl
alen ) A BA. sla, sSB w5 b Lacedl 55l
Jd 5 olwS) Sl wd; sla, 5SB6 o LagS sha
(VYY) o oo Sl alewses o
s 583 sab ol sad s b
Jobes wSlac inan 5 avl Sl 5 G5 AS
Sl g aallbe ol S Sua ol g 5
oo 53 aedy gomd slad sl 5 5 G5 AS

w3 S sllan

022 VB8O

el G553 51 o pad dallas fpl
s - g el st (sla Jshew 5 g
Wad oalb ) slasy S gan sladallbe o
el S g5 sllea Lo 1050 e a1V o5 S
el Sig) sllia G gam GRS Cuula Y 6 S
Sososlls Ly cadygomd Jolos ((VJSES)Y 058
Ot el g Jsls (YUSS8) ¥ o958 canl
el S5 51ka

Lo =S5 ) sl S50 5 O3S
O5S Hose P Olsie & Sl sl 5 gl

gl Gl sla oS, )

\Y¥



Ol siS crasls s caedly g8 slad slew 5SS

Lo ¥l el bl el 6558 ol 5 Sus S
e el ga yie B ¥AL £ g0 Jsbo

Gl o0l a0 50 (slaculy SIS alasl 31
sl ily (SR g (sla3dal 5y Jaall ) gicus
L o gane 5l pad

S soliiwul L sub (g5 T p—aa (slasuls

ad Jalal 5 45a3 (S5 e
lagsily

RS Hum bt JBALL s
3 Barae 515538 4S ols HLis FTIR s&ius 4l s
5 C=0 «-OH 55 8 alaa 5 pliasd alite slas, S
T aoilical pliast AL b oS s €ials NH
09 a5 e b Jal e ol sl o Billas
slaaisy 5 S Ja oo o = slalaas
Gnls a g Skl OT JsSlge b (Slols8 (S550u8
P deles B e GRS (il sl
(Volose)asl aals OF Laa
29 USRS (mooSie oS ) ala s
RSP VPP ] JPR- P PR Y (N PN
el Gl sladlla < sls Gl (& 5eSU i)
9 Sl sl 0558 b dnlie 5o GRS sl
sl Pl 551 4 o g2y (0 uaSb 538) K5 g0 0T
5 amdils e G5 5S i 1o 5o 8 s 5o Sl

\YY

S 53 4 O 55 (golaRe 9 A 1) Laias g
o sl ook LS BEL 0 e 4 5 LS
DMEM & S basae onap (550 5= 28] 31 G0 S
3 ans 2008 o o0 31 poay) aloa 15 L il
S ealaa el somd slad sl dal e ool alasl
YO sloo s 548800 masdm g VA-- L0 biase
Al oo g sl B a5 508 b o) S (Bl 4 50
ol oaS S 4 g sl G gy a8 G gy
Lla COp 5l SOl 5o 9 JBe S b 5 Jsles
&) B suls 18 ol S Tl da 50 YV sles o
Olgl Jobas olaas ST s 40 (ol 255
Ly aelil Lo ot aladl a5 5o 4w ok 3Lty Jac
Ladshes alass LS oY 5 5l ol 3 S5, 5 sulii

aolas 5 Gholed odS e Bl SRl e S5 9

sladsls sm o (patS gl (a0

ETDRE JEN"S ARSI, TyWE
. soldiol (Facscalibur Jue) (g yie sisbes sld
Sres ol Iyl lslew el 5 53T (pus 50 1
sl s (oS o sl 51 Guy 5 e @l G0 RS
b o] el slaaly o550 b I sle
loSae Yo 5 sl J ol H15-a 80 5 suls
G Laody G 6Lsl sl S5l sl
A 950 O aas 5 4 oSOl el VY 5 FACYY e
O 5 BB MTT Jsdas 50l 5 Saa Ve Saly
MIT Jdae e 5 453 s ¥ e 0 acaly
Sde 4y 5 BLAIDMSO Jslae Sl g Saa Ve 5 laS

IS0 S Bl a5 YV 8L S 5 el an

(VYV 2 > o2 sSLad)VTAY 55 5 alua Y s,lat LYY s 502 Gils Glie ) dlas



Oiaaa (P</-¥)aas o plis gl pne sole]
OlsaS Cransls 858 5o Jsbew 2l wam 50 (pSilse
Bt 31 55 b dlie s aand g 5la s
aau s ol g,ls e o plis g k]
el as 5o Sle S was oo GLES P Hlusa
895 Hu melw VY Lo MTT e bl s Jsbea
09 (el S g ol G pams 5 L) DS e ls
(ol S5 508 (5 5 L) S 058 b lie
Q@L’BWL&IH.JJQGJM&MGJLJQJ&S
el S, 9lla 4S e o S 4 sual cis

0018 (golge L3 cdls 558 J sl cullad

WT 50

OoSen 5 el Il suss

£l wo 5o SOl 4S aas oo GlES Y lusa
8955 o el Y¥ Lo MTT e bl s Jsbea
o Ho aasl S5 1l s GILAS s sls
() S 0la G gas 5 L) AS slas S L
(P<-1oAY)aan e oLds (sola e (s lel Gl
S5l 8958 58 Yl 28 wim 53 (SSlie (i paa
OIS b dwlie o aual 5551k G g G5 AS
80 e Sl sl e solel Giulal b
el as 5o SSlie S was oo GLES Y lu s
0955 o el YA o MTT el Lol s Jslw
09 (el S5, 508 G 5am 5 ) OIS sl

IS dnend 555 50d 0520 RS 858 b el

A0000 3600 3200 2500 za00 2000

1400 1200 [ 00 00 2000

GRS cuals (JoSIpe Jliabi Hu (aliasd 5la 85,8 N lugad

(VYV 2 5 2 oLad)\TAY 55 5 alusa Y s ,laid JYY 8502 Gtils Glie ) dlae

YA



Ol S ol 5 cadly g omd slad sl 23S

(b) 1353m 0 A (uliga 90 seu 5 (B) Lugio) S sSailicl sla s 5Ib (505 o2 Lt (9Sae wid S8 (a5 1) 3 gesd

*
250~
200{ —
<
<
S 1504
<
P
= 1004
o
8
S
50-
0

Chitosan Chitosan/Hyalo Control  Control/Hyalo

dalllas 350 slas g S Lo el Y 5o Job el vy (1:S5lis :¥ Hl8 gai

VY4 (VYV 2 > o2 sSLad)VTAY 55 5 alua Y s,lat LYY s 502 Gils Glie ) dlas



OoKen 5 adila |l susey

3001

200+

1004 =

Viability % (48hr)

| II[

Chltosan Chitosan/Hyalo Control Control/Hyalo

dalllae o) g0 stas g S 5o el PA 5o #lis dua jo (5:Sikie ¥l gad

1501

1004 T

Viability % (72hr)
(o))
<

Ml

Chitosan Chitosan/Hyalo Control Control/Hyalo

dalllan uyse sla 58 5o el VY o el aus yo 8k oF Jlu gad

slagh s, diuy 4o lsS e 809 ol ol
g sas conl 28l Gl ol ll KL
(E50)5
slasasly 5l cdly pesige waa lagis, Ho
ale 4 (O3NS 5 GRS (piS a3l e ias
9 o0 (S un wile Glie Juw ) alsa
Woe Ol Gataaa sdi oo salii ) g Sae ws
OS5 S L Lo mh wule mls 5 e
6 1ol 48 5S00 (gl wlse Sas 5 O3US (Y

(VYV 2 5 2 oLad)\TAY 55 5 alusa Y s ,laid JYY 8502 Gtils Glie ) dlae

0eoSila L b e oIS 4 2l pusige

s Sl e g 55 Ly golans 531 5o S placils (0 S
(86 slacal b 5o (V)asb o Kol ks,
el (S s cal il sulis slad sl
Lol el aials 1 golasls (bl g3 o gane &) gun
s ol gl 5wl 0l BL Cal cad S 38
S S el gulais slad sl i85 Gams )
5 st 55 SaS Jyane slagls 5l solii ol

Oloons (gl LBl fpan oy aal A su K

'Y



Ol siS crasls s caedly g8 slad slew 5SS

Gans o HbA Ll o o 809 8BS ae 559
Sy aalgh 59 5 e Gl 55 O
9 oSS ala e B 1) O AS iyusas
soly i glac s 5 5uad oS wisls Glas ), 1K
99 lacdS b duplie Hu (gans 4w oo 4 00
Ol s e RS e e 5SS S e (s
o oS o Jebew glad (Sios ale @ laclas
Ssase o 4 cond(Cun s o0 2dS)gan
(YV)adls s
sl Blo—aS Sl LB FTIR L 5
©eola) dola Galnls o S lS L cuala
1 oAl wl S o crwsls ol ojls O Gia
solai ) L oS uiS olant el 5 508 sl ol (6150
sladsbe sl 5 553G s sa Jobw slaga 5 5
gl sladsle Oiapa WS i 1) ol
oA st by aa slagi s O soliiad b
slid oo b s e (oo sany s S ()
sladid, (Sas,8 alosa Glslhs wls) (Jsle
sage 4o ) st ol ,Ss sladsle 5 3K
Salen o A5 sladlSe Jluol b 5 0S8 e
e ot (8L HEALL alSadil 5 Lo sla (o5
sl g Ll 1
L e 5o Sile 3803 Ol s igps
8955 5o el Y¥ Lo MTT e bl 5 Jsbw
awlie 0wl S sllaa (s 1) SRS s
(el S8 955llen g 5 L) UES slasy S L

5 5Salga RUR Y PN olas sols (2o (SJLoT Ol 53

g

o Sl el L rp b ol o tpl sl 0 e
o b eoliiwul waal S 555l sena 5o HHAS
amaa Sl oo el gl sladsle 8 Gl
w2 S8 el asse
als HLas 3:8a5 ol 5o Sle sud) o mlis
o9 asleu, S ady caassls 555 22 S (pladsle S
s Gl 1) gyt LBy TS 05 S L anlio
5 S ol et Ol @ Ol 1 T das il
ale @ cnols o0 o2 b gsmd lad sl HIS
SNUAS 05 8 L dnlio 5o womujls Gu g sams
oS 858 oo (g cmal Hlassa 5 (sids & e
P2 550 = o Gl 5 Lad sl oS1S e 4
LeaT iSOl 4o 5o 5 St (ol 055
4wl Sl S 8ok o) ol sk GwlS
oo OB 5 Bl e G o e Sl b S
s o3 ooy sladshe slacallas 5 55 o
Ay oo Glas 3883 fpl il S s Hu s san)
S OIS ca sl L ol e sl S5 5lla o<
Olss wbd aalS oo el g b slad sls 5SS
slasBal aa bsale g0 (pl paad «S cudils gled
pas S il o 55 aS1te 5530 sas8lu b
2988 snu ) baae O slad Sl se 51 (5t
wad s gane Gl 5o e gsmd sladslu o
Ol il Grinas oS e oS LT A 5 nllas
VY 5 YA Glagle) Ho cadl g yud 535S 5l 5ae oS oly
ol 80 BalS 15 S el 59 e el

© G GIHAS oo dad S izl Hlehl Gl wls

(VYV 2 > o2 sSLad)VTAY 55 5 alua Y s,lat LYY s 502 Gils Glie ) dlas



baas (0w s ale 4 s lacias )l
()5 o al s Jsbes (S g (gl
Sl e S uau e lin La a3
Lag S ady wile 153 g0 GRS a8l gy
I3 €S ol Lt 383 ) s Lal o st
ST PENY [ B 999 v\ IR W/ S I SO P
15 155 s 81 Glise so s 5 (s, S S sl
S i 598 L a i ol 13l Slee

B 2L (2o sSae oS o)l se () 58S

oS
OIS casls S uls las 3885 fpl il
cuald o da B b s S5 508 sda G
sladsho b o0 ciany 5 Gus= b sona
Jobos 535 5 ol o 155 g Ylaia) bl 5 pud

o edl 558 sla

lsad
sltils (JsSUse 5 Aol slagaias 3550 )
S s sLla38al 5 5e 5 ol (S asle
ol a3y Ol O csles Jads 451 ad sl2S0

J\gﬁbw

(VYV 2 o9 (2 0oLa@) VAV 533 5 olupa Y s plad VY 6 00— (ails Glie ) dlas

OoSen 5 el Il suss

Sl 50 = S (RIS Ha (Y410)0)LSes
sladsba 5 sl S, sllba S sl b 33
pre 3 59 S WS IS als aladl el 5 s
dobow 0253 pem p25 e oty il sl
Jsies 4S80 9 e gomd < a5 al i o
OIS ladiodiyg pus JSa3 Su 1055 pos
(YA) a2l go

O3S 5L (Y ¥l Sen 5 Lsass S
1 (S8 s e 53 50 O3NS S o Ol 3S
Ol 33 e O AS oS wals AL 5 B0 S e
(V)35 o0 O3NS S

J3000—8 S1 (Y V) lSea 5 0, <
w30 S sul@ i) G gos i gy bl Gl IS
5 e sl 135S ol g 4 ol s b
G QOS50 wb G s 28b shial Grges
slas 5 s ildls Hlowls ol slad sl s
(YA)w0 S waa @3l Lo 530S 5 Jsa

a8l L oGl il ale 4 ol S
Oi il 4 2l g 5md Jsbew Sl JLasl 5o
o oliala 85k 5 5 asla e Jlael S50 53
ol edlad (WL gl ple Cia 5o I AS
S S L ulal O 4l Ho 45 aas e ol
e 5 adnas odls glad sl YLl o Jad (5l
3 ol S salis sladshos 5SS (6 aelins
29 OosaS bl S 53 i aa adil oo are S
Gy slacis )l (g i a3 Cuw) 5 alSadl

S wisls Glas o158 5 du L Hls 1 (g saae (IS

\YY



Ol S ol 5 cadly g omd slad sl 23S

REFERENCES

1.Martin P. Wound healing--aiming for perfect skin regeneration. Science 1997; 276 (5309): 75-81.
2.Shalak R, FOX C. Tissue engineering proceedings: Workshop held at granlibakken. Lake Tahoe
California February 1988; 26: 26-9.

3.Godbey WT, Atala A. In vitro systems for tissue engineering. Annals of the new York Academy of
Sciences 2002; 961(1): 10-26.

4.Longo UG, Lamberti A, Maffulli N, Denaro V. Tissue engineered biological augmentation for
tendon healing: a systematic review. British Medical Bulletin 2010; 98(1): 31-59.

5.Servatkhah M. The in vitro effect of different cord blood platelet rich plasma concentrations on
proliferation of dermal fibroblasts. Biosciences Biotechnology Research Asia 2016; 13(3): 1709-13.
6.Tan JY, Chua CK, Leong KF, Chian KS, Leong WS, Tan LP. Esophageal tissue engineering: An
in-depth review on scaffold design. Biotechnology and Bioengineering 2012; 109(1): 1-15.

7.Gorna K, Sylwester G. Preparation, degradation, and calcification of biodegradable polyurethane
foams for bone graft substitutes. Journal of Biomedical Materials Research Part A 2003; 67(3):
813-7.

8.Mao JS, Zhao LG, Yin YJ, De Yao K. Structure and properties of bilayer chitosan—gelatin
scaffolds. Biomaterials 2003; 24(6):1067-74.

9.Nishiya T, Lam RT. Interaction of stearylamine-liposomes with erythrocyte ghosts: analysis of
membrane lipid mixing and aqueous contents mixing, and the effect of carboxymethyl chitin on the
interaction. Colloids and Surfaces B Biointerfaces 1995; 4(1): 55-63.

10.Kumar G, Waters MS, Farooque TM, Young MF, Simon Jr CG. Freeform fabricated scaffolds
with roughened struts that enhance both stem cell proliferation and differentiation by controlling cell
shape. Biomaterials 2012; 33(16): 4022-30.

11.Holy CE, Cheng C, Davies JE, Shoichet MS. Optimizing the sterilization of PLGA scaffolds for
use in tissue engineering. Biomaterials 2000; 22(1): 25-31.

12.Martins A, Aradjo JV, Reis RL, Neves NM. Electrospun nanostructured scaffolds for tissue
engineering applications. Nanomedicine 2007;2(6): 929-42.

13.Keira SM, Ferreira LM, Gragnani A, Duarte ID, Santos |IA. Experimental model for fibroblast
culture. Acta Cirurgica Brasileira 2004;19: 11-6.

14.Avitabile T, Marano F, Castiglione F, Bucolo C, Cro M, Ambrosio L, Ferrauto C, Reibaldi A.
Biocompatibility and biodegradation of intravitreal hyaluronan implants in rabbits. Biomaterials
2001; 22(3): 195-200.

15.0zgenel, Giizin Yesim. "Effects of hyaluronic acid on peripheral nerve scarring and regeneration
in rats. Microsurgery 2003; 23(6): 575-81.

16.0'brien, Fergal J. Biomaterials & scaffolds for tissue engineering. Materials Today 2011; 14(3):
88-95.

17.Yuan Y. The interaction of Schwann cells with chitosan membranes and fibers in
vitro. Biomaterials 2004; 25(18): 4273-8.

18.Muzzar E, Riccardo AA. Chitosan-based dietary foods. Carbohydrate Polymers 1996; 29(4):
309-16.

19.Khor E, Lee YL. Implantable applications of chitin and chitosan. Biomaterials 2003; 24(13):
2339-49.

20.Hynds DiAnna L, Diane M. Neurite outgrowth inhibition by chondroitin sulfate proteoglycan:
stalling/stopping exceeds turning in human neuroblastoma growth cones. Experimental
Neurology 1999; 160(1): 244-55.

21.Neuman Manuela G.In vitro anti-inflammatory effects of hyaluronic acid in ethanol-induced
damage in skin cells. Journal of Pharmacy & Pharmaceutical Sciences 2011; 14(3): 425-437.
22.Toole BP. Hyaluronan and its binding proteins, the hyaladherins. Current Opinion in Cell
Biology 1990; 2(5): 839-44.

23.Wang W, Acceleration of diabetic wound healing with chitosan-crosslinked collagen sponge
containing recombinant human acidic fibroblast growth factor in healing-impaired STZ diabetic
rats. Life Sciences 2008; 82(3): 190-204.

24.Freier T. Chitin-based tubes for tissue engineering in the nervous system. Biomaterials (2005);
26: 4624-32.

25.0zgenel GY. Effects of hyaluronic acid on peripheral nerve scarring and regeneration in
rats. Microsurgery 2003; 26(3): 575-81.

26.0'brien FJ. Biomaterials & scaffolds for tissue engineering. Materials today 2011; 14(3): 88-95.
27.Cukierman E, Taking cell-matrix adhesions to the third dimension. Science 2001; 294: 1708-12.

\EY (VYV 2 > o2 sSLad)VTAY 55 5 alua Y s,lat LYY s 502 Gils Glie ) dlas



OoSen 5 el Il suss

28.Donejko M. Hyaluronic acid abrogates ethanol-dependent inhibition of collagen biosynthesis in
cultured human fibroblasts. Drug design development and therapy 2015; 9: 6225.

29.Boucard N. The use of physical hydrogels of chitosan for skin regeneration following third-
degree burns. Biomaterials 2007; 28: 3478-88.

30.Sipe, JD. Tissue engineering and reparative medicine. Annals of the New York Academy of
Sciences 2002; 961(1): 1-9.

31.Chung TW. Enhancing growth and proliferation of human gingival fibroblasts on chitosan grafted
poly (e-caprolactone) films is influenced by nano-roughness chitosan surfaces. Journal of Materials
Science: Materials in Medicine 2009; 20(1): 397-404.

32.GautamS, Amit KD, Narayan CM. Fabrication and characterization of PCL/gelatin composite
Nano fibrous scaffold for tissue engineering applications by electrospinning method. Materials
Science and Engineering: C 2013; 33(3): 1228-35.

33.Kojima K, Okamoto Y, Kojima K, Miyatake K, Fujise H, Shigemasa Y, Minami S. Effects of chitin
and chitosan on collagen synthesis in wound healing. Journal of Veterinary Medical Science 2004;
66(12): 1595-8.

(VYV 2 o9 (2 0oLa@) VAV 533 5 olupa Y s plad VY 6 00— (ails Glie ) dlas V¥



Armaghane-danesh, Yasuj University of Original Article
Medical Sciences Journal (YUMSJ)

The Investigation of Proliferation of
Fibroblasts on Chitosan Scaffold in the
Presence of Hyaluronic Acid

Hashemi SS*, Rajabi S%, Mahmoudi R®, Ghanbari A%, Jafari Barmak M**

1Burning Research Center, Shiraz University of Medical Sciences, Shiraz, Iran, 2Student Research
Committee, Yasuj University of Medical Sciences, Yasuj, Iran, 3Cellular and Molecular Research Center,
Yasuj University of Medical Sciences, Yasuj, Iran

Received: 29 Sep 2017 Accepted: 17 Apr 2018
Abstract

Background & Aim: Tissue engineering is a new method for the replacement of degraded tissue components
by biodegradable polymers, which is provided as a three-dimensional scaffold for growth and proliferation of
stem cells. In this study, chitosan scaffold was used to evaluate the proliferation of fibroblasts in the presence
of hyaluronic acid.

Methods: In this experimental study, powder scaffolds were prepared for growth of fibroblastic cells. The
following groups were designed for later studies: Group 1: Chitosan scaffold with hyaluronic acid, Group 2:
Chitosan without hyaluronic acid scaffold, Group 3 (control 1): Hyaluronic acid fibroblast cell and Group 4
(control 2): Hyaluronic acid fibroblaster cell. The human foreskin was prepared and the fibroblasts of the
dermal layer were removed after separation, and the cells were transferred to the culture flasks with DMEM
medium and stored in a CO2-containing incubator. After several passages, 10,000 cells were transferred to 96
wells containing DMEM medium and MTT and DAPI staining method was used to amplify fibroblasts on the
chitosan scaffold. The obtained results were analyzed by ANOVA and Tukey's post hoc test after uniformity of
data analysis.

Results: The mean survival rate of chitosan without hyaluronic acid scaffold in 24 hours was significantly
higher than that of control with and without hyaluronic acid and chitosan group with hyaluronic acid (P <0.05).
The mean survival in the control group without hyaluronic acid increased significantly in 48 hours compared to
the chitosan scaffold with and without hyaluronic acid and the control group with hyaluronic acid (P <0.05).
The mean survival time in chitosan scaffold with and without hyaluronic acid in 72 hours was not statistically
significant compared to control groups with and without hyaluronic acid.

Conclusion: Chitosan scaffold showed better biocompatibility with fibroblasts due to its hydrophilic property,
but the presence of hyaluronic acid with chitosan reduced the fibroblast growth trend. Chitosan may be alone
in structures that are synthesized to repair damaged areas of the skin, a good scaffold for proliferation of
damaged fibroblast cells.

Key Words: Chitosan, Scaffold, Fibroblasts, Hyaluronic Acid, foreskin

*Corresponding author: Jafari Barmak M, Cellular and Molecular Research Center, Yasuj University of
Medical Sciences, Yasuj, Iran

Email: mehrzadjl4@gmail.com

Please cite this article as follows:
Hashemi SS, Rajabi S, Mahmoudi R, Ghanbari A, Jafari Barmak M. The Investigation of Proliferation of Fibroblasts on
Chitosan Scaffold in the Presence of Hyaluronic Acid. Armaghane-danesh 2018; 23 (2): 134-145.

145


mailto:mehrzadj14@gmail.com

