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ABSTRACT

Introduction: Due to lack of replacement of lost cells and neural factors in the affected
area, regeneration and repair in the nervous system is complicated and has been of interest
to researchers in recent years. Extensive studies in this field, such as cell therapy and tissue
engineering methods, have provided novel approaches for nerve regeneration. The use of
neural stem cells and scaffolds with sub-micron and nano-sized fiber structure similar to the
natural extracellular matrix are the perfect choice for nervous tissue engineering. To this end
two-dimensional (2D) and three-dimensional (3D) cultures have been used. 2D cell culture has
been performed in hundreds of laboratories during the last two decades. This method of culture
is elementary and does not reproduce the anatomy or physiology of a tissue for useful study.
Therefore, a new method is needed to mimics the cell function and tissue architecture. Although
design of 3D cell culture systems is more relevant, there are still several hurdles that must be
overcome. When to be mentioned the 3D, investigators require for consider the design of matrix
for supporting and proliferation of the cells. In general, scaffolds have been categorized in three
groups, including natural, synthetic, and hybrid (natural & synthetic). Scaffolds combined with
any chemical or physical properties are suitable for tissue engineering of the central nervous
system if they are non-toxic, with size fiber of 200-600 nm, with the gradual degradation of
the scaffold after implantation in the body, and with capability of cell growth and proliferation.
Conclusion: Recent investigations demonstrated that 3D culture is more mature and
relevant to human and animal physiology than 2D cell culture. The hybrid scaffolds are best
choice for fiber diameter size and high capacity of cell proliferation. The purpose of this review
is to provide a general overview of scaffold design by natural and synthetic polymers and their

effects on regeneration of the central nervous system.

*Corresponding Author: Marzieh Darvishi

E-mail: Marzidarvish@yahoo.com

|

Accepted: 9 Feb 2016

Key words:

1. Tissue Engineering
i 2. Stem Cells
i 3. Central Nervous System


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

WA s) Jol olouds o)lez 0)90

[ Downloaded from shefayekhatam.ir on 2026-02-03 |

[ DOI: 10.18869/acadpub.shefa.4.1.77 ]

'EI@\"SA'L%S)Q Awd g0 “)% GJ.: dobd “Glﬁ.gl.c ‘_gol.b Sl g,aLz.w Sloew "@'w,, }ﬁolf 6”95.> tsﬂ)‘.’ pravys)

ol eyt eVl il i lael pole Sl S 50!
Ol ed b (oDl ol ol8iils o8 axly sl pole aSCiils «559lg0 jud 09,5

u'r" “n)LgJ s‘D)L"l é,.;).u ln5lr- oKisls ‘A;'“)‘ saSisle sgayl.u] 0515“

i ledb!

\Yaf 8o \'Y :C.éle.)o .G’.)U

9%

- <

&ly b oo Lol ,o mas Jelse g a3, Cas 5l sladsle Kl poe 4 4> L 1a0280
B 3 sladle o o Rangh az95 090 9 Conl odizmy (oras pias 3 e g Lol il
lahy) «dl (pwiige 5 (Sloys Jobo slagtyy Joud 5l i cal 58 0058 Slalllas .l a2 5
GG baas s 5 cnae ol sl Jolw 3l eolaiul .canl 05,5 ool 3 coae g3l gl o
$lp ombie Sl ks Jobo )5 Sl a4t ol lo 6y 05,See 5 B3l &
ClS 0,8 oolatwl gamdn 5 gamgd sbbeisS jelaie (pl glp s as S8l cwdige
g Gl 2l CtS oy, cpl el o plol 4LndS das g0 b olKiolejl oo jo Jolw (gamgo
Gl (6l waz gy So ol S el sloml e dalllas (6l il S 5l (639d5 5 b (oogil]
Olaize (53 gamdw S A5 Sy ogd Byl ol aS 5l demg IS (i jeid (]
o bewg)ls S jeb ayails by Jolw iS5 g cblas gl oS il b 03,5 s o 4y 5LS
lg LQ&M)‘Q ] 00 LgM:ULJo (L;r.:.a.la 9 LFCM) LS"’SJ" 9 EFman ‘L;“:-‘Ja A.LQ.’> )| °9)§ dw
St cemlin (635 0 (g8 s 8L (pwdige Sl 00l oS (S b bt Pl o
; 50 sl 5l am Cannyls (05 w35 b oegl Yoo e 8 5510 b oo e o] asulis
ol anls L e S o ol i 3l Olidos iePHS A ais Jsho ;555 5 08, ol L o

Sl pwiigs - L ol Bee aislioe Jsbo iS5 VL bl g b S8 8l (s DB e 5
@bk slaJobo ¥ L silsb el s esian 5 (rb (sla ey L Sl 2k 51 IS w0 S, 05 gl b

(5295° 4 o 1 gommno OXu 5
Marzidarvish@yahoo.com : Saig ySII 4T

[


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.77 |

wyar QLM..w) .J5| e)La..i'; ‘\")LQ)-.- 0)90

Sleslewl 50 )b 5l Jlge (ol a5 o Sb o 0,
as b Lo, L ot e Sl 5 sla Jolw
Gl oS la o o gl o Jolw o, (N 0)
Jlal Bl ay )T G35 G 5 (V) 0ty 55516
L o 8t 555 slasls] 5 oS ile 4y a5
5586 hls a8 oSG Sl Ll L g e SG Sl Ao

OY-1) 00, 5 u_ml.s Wl 0,

slasbw o) sl (emlin i 4SOl Gl el 5o
A o |y byl b 5 EL e S 00, Ol sl
a4 (—bly el ol as ol sl ol
AS Al g o 4o Hlod e sl sloul (e JLodo
Slys z9,2 59959 5 ol lashuws joled g 0 5L
Slnls ooy 5 ooyl Sy sile bl aany |,
A_M:Lu‘sa ou\_.JLu 6)_01 LS)JJA ‘r..»a.c w.._...........:
b Lo WS sl el ol —alize sl g,
9 (G—=90 ‘5L€Z:)L.’>L~J ) as Aag_w‘sa oola
slolae Sglay aslol o 03,5 o S guma
3 —aliBee Elgil oran g (gomAw g (g CLS
O ygmo A Sl i jo oud A bl sla 1SS yile
(Y\—Y?) é)_jsa )l)J —r S,9—0 a_D>

(592293 S

Oy (S5ms 8 iy (lym (Gomgd CiS g, 4z S
ol Slalllas 3 (g, ol Ll at s (o255 o8 ot
ciS sloahow o .cul oy 5 oS Cal
L aolio 10 S ple L oo ooy digy zolaa (samigd
gy ol a8 e o s | (Slite sla S, ol

il e ot JlB a0 Jlo g cdl> o

2 = Fob ol Sl L ioren g ool
S o ore jo (il G el g oSyl S
‘U_"'S"BJ"’J ‘u))lf l_u 00— od.._».uy le_ib,]a.\m C_la_w
(IR SN SN H 1% SPLONIA S SEDE R T Y PN W
bl ity (Hy ol 531, ol )l oS5l
el Al o ol iacul Jolw J 51 g5 5l Lol
(ol o bl s egdle o slacdl o asS
s o S Sl Ly Jsb S e
CiS 0 Sy Ol g 00,5 oo e Du

YV-YY) 098 o0 000d (guma

!'Scaffold

]

dodso

(Bl 80 i 55 5 (655 po (sl i Slayls
as 2lg5 w5 g (HUS 5 (rae ladslw S
b oledlg pol Lo g 65— g5 Bl ps Jlbs 4
Sl s sl 5T loosly alox 5l a s sp 5 o
WIS (S5 > g (e 0y Shes By G 3l o oae
Py sloml g (e A wgigh waid Lo S,
USRNSSR P YOS HJURE S I
3 =B pae g ol S > o S Kales pac a
S5 5395L L 5OV T) 03,5 o Laplail 5, >
i Slmld (S 9 (S8 a a2y Lo
S plgtear jome SIS ol playd 655 0 (oas
o=l 0 b 69—t Blios £ ae pozmy Al

g g0 03l ie & ya Sy ol )Lay

J—be )l S pleea Slnls ol LS oad
Sl Jsles 235l 5, ol 3 AT-0) 59,5 &y lae e
3= ol o Jol—w jloola il Ly azd) cws 5l
e s Slald le)s jolaieds dnaa slahs)
= aS ol gl ey Jelow Ay o 0l sl
Sl cmlio (5 j3md pie (g, (ml s ]
Slllae 0l Jlbs an cwl gussn sl Jolw o,
@b sl el (b ils plge by 8l (o
il By by g ad) cews )l lacdl o, Slae

() b ydae Lacusgass ol

Sigden (A Al a3l it ol
g e 0, Sdoe S0 imen 5 (H9Sse g I
Syl CSlw gz sl )5 S b Sl
ol oo () 5 (S (sl i
sl w glawyyls (Ve VY)) o bl o oaoanls
l_QQ] Q‘g_'{u,_a alo> Q—| Jas oSl s u>_>l.:|fo 00—
) s b S w88 b s L o sl ],
Sl ol oBlr izmen S (e 80 1) el
ol oy ST S b il 5 e Sl o,

OF) abbge (rae Glbjlow sloml g b Jol—s

ol o sl 4 L 655 50 (ras i
S Sz Sl (gl cmlin S Hile g 0l slo,giSE
3ol o Jolw L(VY) o,lo b ol o, Sloe Lo o> 4
S Ayl 1y s053 sla ol s uis bl a5 Ll
Ty wimdlion cmbie s 3L (i Loy,
SaSS ! 5o Jebw YL slaws an 5ld Lo e yo

JUL VRPN WRNQ b PR TA) JCU PR PSRN USHN PO I ¥
sl g5 a0l o, QT@YQ)oddo)\Hjl



http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

WAF (bns) ol o)lons o loz 0y90

[ Downloaded from shefayekhatam.ir on 2026-02-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.77 |

JT o) S jelgm gcam,ls (Sig

sy St (SbR 50 Gy Oj9m0 A (S ) Sy
D)0, )5 (e 9 655 0 (sl i Dlnld
Sloml sl (g Slg—s sl oy jotaie (il sl
Sl @Sl 5 S Sl 0si  (ulae slaJUS
9 0d—S Coles 6[..:0)91515 (g 6L6J5l_w JL_n.ul
8,8 1,8 ol wl 850 (mac 50S e 5 L
ety Sy S g sl LS,
Sl adgs s92g l L (Hy el 00t Gl
aloz ol 5las o)ls (ol sla Shg ST ool Ssalsn
Sl =) 13, S o)Ly 0l 4 (s S se
Sl -V i ags Sfelem el 5l ol (G
Obejes -V aab wals 1) o5y Ll b cger ok
D0l SS9 =T il s o 4l e g 0, L
0 sl ar sl | o b Ly g5 el
Al Gl 20,55 Jol 3 Shoe Pl eel,
J=B g adyo a4 g,he (goloatdl ) a1V oSS sl
Ol @l @l 5 9dgi ol odls 5 al o i
) ceol iU JLaml LB -A il 0l (Bl
5 el sl Jslms Uy oo BULod 5 -8 a_sl az sl
Slga 31 ool ol il 55 S 5elg 58 Lyl
oolaiwl Jolow oS cga g ol 6l glae
YACYR) 050 co

Cl owaigeo jo solaiwl 8590 GdCawsylo (p Fal,y
s

00— tnl_‘>u| ) Y | 1 59) c_:Lu R 4 Ayl l_:
e—mas S8l g j0 oud oolai il gbbc )l
3l e J5e 00 o d s ((—clio-
)‘)_9 ool Sy9—0 0)5)_41‘ S sl Lb&/\_am.’)‘»)
S5, () (b Lt ailgii o0 9 955 o
Jo—S 5 oLl L) cgras Ly g (0luill vl

CFVOFY) sl e ol ((roms 093 slaniy

b slecen,ld

as gbaal sl s)le ol sbba )l
Jols (AT slacen ls o] o cwo 4 @l Ly
DL e b Y5 0350 e omeiSig e (O3NS
Lol 0 a8 o ol 8 o Jols 1050 5 3ol S
9 -] Lri".&" uL».»aw LQM)‘») )| 05)_? u_a‘
S le S S,

03 -
)'| 04— 6]51—»& C)l—‘.> w—i’j‘L‘ TL“ duu‘i’B)" }‘

e
3 Self-assembling

LS seS dagS gl (gomgs S ol 5o
el 5 Sigden Jsloe plow 5 0d; sla)g5l 4
J—olse ol g oo i CiS o zrs 0 Caopody
ol Lo JUSms JLil jo ot sl (i
S s e s lallas oS o L iyl LS
Ay s (bl L S o 51 (5mgd piacas ]
e s g a1y cetilie ol slo sl oSS
gy il g badsl ol bl (Si5d L
Sloial 5 Dae (e gla sl i i ol

) ales b1,

o i 50 gole > o o Jols (S ol asy
Sl )3 g aiS o0 D 2los ;IS Sl o 5 g B o
WSS oo e 0y Job 80t S5yl g S e e
LaJsUge " Sl ol adg Lo ol ,on 2By (0l plos
Oml el Bl o) Jslge 5 (slea 5 Lo, 516
3 Ul s 5 Wi oo o] S L j3 SLuS 3
o= yg—am Gle sed (Gamgd s ;0 SIS (0
ey Jobw Sl md L Sojglan )Lud; 9 Jslse
daloe ) Conl SLwlis L gy il an o9l
b Cx OIS tesh ) G iz dBa
st las o o gomdw e iS slalaes
o=l el Gl () sl L i J9S)ge
L_gLf::‘.‘,.’;_,...«.3.,...; Q_g.‘ DS sola ! (GO L_.;La:p:;_.u,,..»
Glapias L alio J B a8 _tlo] gama

AFY-Y0) aibgo o S 5eds

g SOl L S olg el e iS hgy ol yo
Cpmdg 4o aosl b i gamaw cowlin laye ol
&5) U_" ‘.)o)_fb.a ool __ul ‘05_{::60 04— aS_U}Ija
sleeas w8l —waspe sl Jows olsllas o g
Sl Ly oS il a5l ampas ciS slalame
Vo uo Folw slacayls ool ul Jls 0l L sl
& ol JBil g alaidl aozs 4 S ola Jolw Jli
amlo ciS e 10 g S ld yga ailos S ol |
GleosS g S Ly ST lasy g oyl |y o, llss
aibe by Jobow 3l i oS cl I o ) aiil o
5 o=l 5l sl (F gem () DIS) ol oas LSis oS 5
3 =Blies 692 S le Homa Lacdl g5 5o
Ol Sz cwbie 5 JSde (6 i Sl Sl (b

(Y?—f‘) 09_..»60 oolar il ‘5..\_19.».: 6LbJ9l_w

I


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-03 |

[ DOI: 10.18869/acadpub.shefa.4.1.77 ]

wyar ey .Js| oylods oyle > 0y90

Sos== ds

ool 8l g Mac  ae SYLail 04 xS 4 S
508 Slallas (o ols leis 1) sas aidis slagyg—uST
s 0=y sl yesl plw L (880,08 oS 5
L aslie o aS o sola ol "(TGFP2) L slaos 5
g oad oolaiwl a4 S 5l la 88 a S _leeg S

LEYFA) slo o i 1y (6,=YL mmae g 5

sty -

il (b Sl jlas crl s oy Sl L
35— I Sas O y9—o 4 JQ_W )5_|a 4 ‘55—”"59
PPV L gy~ -V NI A | | RCRCONIN S N I - e
JeS 50,5 slog )5 e 50 Jloasl slsol e el
e 50 U5 Dp5me dm 0500 Sy Slpo
et glowoya> 03,5 1 sl S 5 2l
Lol 5l el so soliwl gLss § jae lacew]
u_w:f S oloilas ools lis b ) p ol ;o 09dle
Lagl JLisil 5 calS g ) Gt (slojas )5 (sona
Oized el ;356 gl S0 (o odd el Al ay
ol gly LAl 5y caifs 1,8 Sl 51 g
5 Sl jleoliiul )50 p0 oo (it 5
Ss sledsl S g 505 j9m Jloixl aS Cl

(FR0-) oyl ], o0

ol gy 9llen ¥

16_...5).: QHGauJLa LQL..?H}U‘ ‘Qo)_e,o)o

d_s..\_ub_»tsa °)—.‘.‘7.°)‘S—.’. ‘ (_ng..\J)lSLMJ $° J‘A_u

(oo Hlo YL IR J_:Jo A w3 e YO

o9 iz Ly S L Ll a8 4
(e gy )‘ ol 00 J..S_m.» ‘rsl; E— C_.J)Lo
olo AS_O L aan AS_' J)_Io 9 009 )—?JJ‘U).?U s)l.._‘>l_w
Dg—bg0 A5 (B 5O
O 5l el (s sl j0 00 lae Bliogas cle 4
Lr>|9; MJA ‘Q_AJ[) ‘fww 3o uw_i’).:l.ag_:_’ ‘9_;&
.\)HGA oolax S| T" 9).3 oS &)_.o.‘> 9 o..\.n)u_w‘
aS ol plas el olals o o ploul o o)
st s S g Al A s S5
QlJl_god._gsgrs?é”_c&él_wg)_?ua%oo)_Y
S 5 3l 60 Al ;0 00, 5 o Fe—uST 0,
255 g femas ad; sla gl g (SIS S il
Gl s o A e 45wl colai | (NF3) Y
5O yaizmad 00,5 syl el g, b
g o oolaiwl oS 5 ol 5l i Aot cmas g
6|ub)ow.w|wb‘cw}&5}>3w
ool o) Cgr (W Goamaw oo 5l 5
A ool wl cmas s ool g ac (ool
ooldiwl 55 jie Sdg g5 5B 5l jelane ) sl
e N P e e D) “—’JU"" o=l )0 s S
(FY-F92) oo 5 o nl e oSG 5e

CiSg yd Y

Sl Jobow )5 Se e 55 (g eSS S 5
Bl o Jelt (ol Lol 8 5l g ke o 45
Oyl 5 Joail g g5 ot e b
Glaes sl L b el w ol i ai b Jolw
59 S (ool Jloail Job S0 5l 4 (g
Sy nsSlS Ll (A tiles] oo 2
e oloasl 5 el ool vy Gl—

Ao,S eolan !

5558 L SS9 b Sl (oS 5 elalllae 5l (g S 0
3530 ,5 oolaiwl Silew ccae lacaw! o |, NT3 i,

4 Brain-derived neurotrophic factor
5 Nerve growth factor
¢ Transforming growth factor beta-2


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

WA s) Jol olouds o)lez 0)90

[ Downloaded from shefayekhatam.ir on 2026-02-03 |

[ DOI: 10.18869/acadpub.shefa.4.1.77 ]

L oad ooy S leis sl Jolow 0als ploil wlallas
Ol odg— ;S5 (e Sloasl pa i 0 S Sle (-
39 Olis—aS lacus s sloslewlan a s cul o
(()n ()f) W PRV 6‘0)L~u| 6‘4...7@0 (s p.._m......) M)J

Ol gy (oS youp Ly L -F

sy ol L TPHB) &l (S e L
D )g—o Ay (65,3 89S 0,033 g 009y SeiwDlyge 5 g
039 Sl (295 mgln e Dhgn (9,0 Jo—lS
by Gl g aome Lo 6,5 Yl (o H5SUge
Al ek ol Sla T 5l lap—asl g s
Oly—edy (Harme oloacl oo i Sz oS 5 ol
Sllas o el oad ool ! S0 ple Ly o
5o aS oo )b QL.MJ 015_“: ‘_ngJ?l_u )‘ 03— ‘nl_';u‘
Ok e Sl 9 0B o0ls I, SPHB 5l (g i
o= 09 ] At a5 o eola ol SSlw cac
WJio—p S 5l S ey 0 e (S >
&l Ol sla g Lo ol on PHB 5 (S8

(O0) 5 08l gL sl ooy

Egman e lo

Slai e 3l eslaiwl 5)50 coias 5 ady oyl
Lol SIS L L ol SCSY
ulLA‘ ‘L:ou_.....s)lo u_s| [ RPN o .\.._..ulau’_a
Sl ples et g sl Cnlo w0 Jy
09,5 =l 0 e glar s lo a1 o,
A s o L5 e, S Jate "PLA/PGA b

L(BOF) oS olﬂ Iy La,es ol u—*"‘)i

sloacdkle oo S o Judlog 3 5940 cousl
Gy Sllasil ghls 5 0 dl oo J5 @50 am 2l
RS g e S 5l aS el ol ol
aS ool s mols g a3 1,8 colaiwl 550 axe
o= ol ol 5l (6 )50 oy 50 39,5 (o
».)._.35) Sg—nf 6G_JL~J 9 K" o&L&.}...«.:‘ s_i_.ujjjjl.».b d.»._.w‘ o
—Sbgydlle awl oS 3 sl sl s |, =S >
Sl atlion ok Sjgo am a8 Y D=

Oligias -0

= R J—.’.—“sc Cmd a5 S 51 gDl
Ol Gy ol Vb e—dhinls ol
Gand—s 225 Lo 5o fle 0 Olis—=S sl sl
50 Ggamdials o0 /N - 5l S s S e
Lo S il p3 sl ol 5 Sz 0 2l
Jodoee #1051 =S pH jo oS )5 ol 0 ls suds aizlw
S S el 7S aly S e il e g 00—
slag—aly 9, g DS 5 ol ailos adia 5

)J QHGA u.._..u] :\_._'>L| )o Akru‘)gf) u_cl.‘ 9 03—l 4_7).’>u

S35 50 g s Sl o 50 LT 055 (xle Lo o glsl Y Jgu

b ()l glil

SH s pissa 33 b A3 8 0,8

sdadimmal 2y o Lo Jpbo 5 05 JUES 00 a5 sl T 0 5 ikl e sl g ol 5 02

dinliy cladigai

a3 89 0

e o gl eslid 3 yen iy gl Joh ol iy sl S

e 238 il 3 Lol ey Sl
(FV. FA) 5 g 03 als slag 5T il lde o L] 3y ey oS yad
Fre JORPON PYE P oI (L USRI CINY PRI e PSP PNy YT D [ GO FW TP [0

299 3J5 Jyko JU3 G JyS Gy 4yl i
@1 89 e e e g el laac T s s 8 e e csla J5l Lt 2l s L ST el

(o bz csln sl ol NT3) e 2ol 5o Lo din kol 2
@ 0fy | 1P gn mae slafl el g By B S rae ol il A plies 29 e
2355 e lioce et plcws 33 e 3, Ska Sgu g ige Ty 2 & e 0,8, 0

53 s e oy e A8 Sy ) 309, S ) b 55 LA f e
[2a) M_,nw:.a:)lﬁb FL:.—;L.J ._‘...:l__.g._\m‘sn l_:_,|J_lL|-_,\5..a:|_5|.¢.___...J PTBJ'T‘:':'J‘-U’_ELQIIJI R

- = adud _i
—& e B

7 Chitosan
8 Angiogenesis

? Polyhydroxybutyrate

19 Poly lactic acid/polyethylene glycol acid


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-03 |

[ DOI: 10.18869/acadpub.shefa.4.1.77 ]

wyar ey .J5| oylos srﬁ)LQ”: 0)90

Oy A4S el S5l il Glasdlas o
P 1| R SSEPRN PET-P VRPN W I SV Ry gy v V|
syl ) e ol bl slel cgxr
55 et 45 sla Jo s s (RERSC) S
O3ed (=l sla g6 5l (g, (il 5o s S eoliul
Sy 9005 ooliiwl 5 Shh 5 sl SS5is,
BLIGL cnglo ol as ols s adlas ol 5l ol>
e dd ol Ly g 0y Sgr (olio e
=55 o=l Olssies s e ol (55 >
Jobe Lo olyop e sla sl slodisn

(0 Fe) dg—ad oolaiwl oo

OFSYenls L -Y
o=l 3l sy ol 3l s e a6l 5 ey
9 QA_ASJY}E 6L_.mu.~1w‘ — Lg)_,w.b C«_...u..»)b
oo)_‘f‘_,’_a oola ! Qd_a@y?.'a 8y J)_...S Vw—PLQ)
30 g 055 (§ilwdg pad ol gl 1 S ol
Sy cdean caS 5l oo )5 edl waige
Lo oy plow b S 5 0 Yoano ol (5 ducn )55
(FVFY) 0,5 oo 5l )8 oolai il 5,5 PLGA yg2xen

S| SiSY o/ ol JgSlS” L —F
oy Bbige il b Sl S 5 S
3 ol 75 S5 ple SO lg—eas PLA g bl

)|)J ool S y9—0 u_..ug.: O 9= u_;LmusL krwd...e,o
JQ‘S_MULJ‘ rg._...o).:)é INURLY ;A...:L)Jb g_;j.....:g_i_:
).) 6—9‘9’6 (;AAJ) )o 9 05....:(54 ool o..).g.éw.wi ($°>|9)
5 O L g e gzmep o)l pl LS5
Y ET) 0,10 0,015 mac o) la,gSB L ol en L

olyys b -0
Gowdw ciS glalaoe ;o S 5 ol 5l eola il
lacel glays ¢l Vong Lo sle &9 4

S| SSY L )

claanl b s ol gla g, Ly ol S5V L
St g il pyman (5 mdpuass obie Sl (SClse
g dm g 00 4 325 yanh ol 9B o0 9o
J—os =S asl 6‘)9&-”‘4—:&50_.“4[_?)]9)5‘“
Lo e 28 Sy ol (b S PLA 090 o6
S S5 ol 45 LTl cmul YU (5] caglia
‘J‘L‘“ 99 4= J—'Q"J*’ u—-:‘ ‘o)lo s ey L)_’l S

g go 09— L-PLA 5 D-PLA

Soiay PLA (ple 5 a5 ools ol calizdes slo o)
D 4 L sl as>ly stereo-isomeric Cou—wd )_..'Ls R
JS—ice L33 PDLA ¢ PLLA (a2 3lg ;o .ail oo lusSY
Sl )5 Jbslw a5 s SLSYD gL sln jogpl 5l
s le Gy b 5 S Ay Ly
PDLLA , ol —x 30 5l 5l —S 5 a5 Jbjo
Sy B 50! S5 racemic lactate slaasly 5l s e
= oS SlalSYD gL laasly oy =g .l ou s
s ales ol Sl 5 e Lels
Ol 3= stereo-isomeric sloaaxly yislidl S o loay
ek eSS 5 Jds el e aas oo eSS
yb5 U8 Sl 53e s, S PDLLA 5 PLLA
OV OA) win (] 5dgyoem 5V slidiodn ) iy

ol SISO 95 aaiSY (i pouly o5 Y

51 TPLGA) sl SISO S aSY o yerlysS

sl yocly 5 o Sl slo il L soly S
Sy Mb ode 4 as o & (S ¥

> (s %)
dgo 58 bl g S =L sy
CeBg0 gl lo e lw o IS el jo gyl g la e
ol S oo 1B sl ul 990 Bl (it
sl =l oy 55 el v e Lol
celw j0 g, ol 5l g e (3l pad o ols
WSgyee B A By pmdl S8l (i ot

! Morphology
12 Poly lactic co- glycolic acid
13 Polycaprolactone


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

WAF (bns) ol o)lons o loz 0y90

[ Downloaded from shefayekhatam.ir on 2026-02-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.77 |

oob Slaligls o i 3ol Syl g s3]
S 20 deel izmen S 1) Sad o Jaloa 4o
ey sh— Lol 5l g, ol ) Nig—dge Lo,y
YY) 25— oo ool wl 3o Bl sl i o
"(SAPNS) rezxi 555 (goy SL 55U o)l
ceelas o il o aSln 03 slaasy, | PR Eos
Beboe Bl G P Sl Sl 5 b &2l
as Q‘\) ul_m; C_ul.u 9 o oolas ‘ ‘r'l...u 6l_muj)9.'
Olsyd ;3 SAPNS oS o ool )lis (6,550 (w40
Ol Sl g 039 1550 (655 10 (ot s Sloce]
Jlasl s pals =) e g5 o 4 lax ol 5las
cal s - cowl ol oy Sl clayssl
4o Soigde i Il )l S0l 4 o YL
KOONEVIENICOX S JE PN 3PSO KR G EIUL g SO P
o0 (a5 gl o pie ¥ sl
ol ol Aol ey o sl Jlnl 5 ole
sl Sdl 65 s 5l S sl> 5 iligen

(VYY) 5,5 o,

d_d)f )IJJ oalaiwl Sy9—0 u_hnﬁg.,o l_»TBI :\_sul.@ 9 w—n.u?
s i ol il Sy ol 3] Ll
00l ploul A 535 pa S Sladod 10 .00, 5 co oy
l—.’. A_AL‘> )LOLM: ‘MJ;LS" )l)J oolaz_wl Sy9—0 6)_<).A
L JolS gl 4 oy e ey oyl 5 il 1Y
Gy a8 il > o ol ani sl a sl cowl 50
A oo oloml 8, 0> 0 9005 aule &y50 4y SAPNS

o plaiee iz 4 99,9 5l e Wl o0 Sl (0 L
VYY) 08y 1y oy g ol jo S50 &j50
A ol cald g ol oo 93U yulie ;o SAPNS oy
S plg—ieas ol 5l plaise 5 bl Sl (S le
2 o Sl 9 9y () St G s
YY) 0, oolai il oo J2b o L g B iaslel Ll i
Jr8 09,5 0 ol ool il 6,50 A dllae o
Sl bl o c i JSU sl Jolw TBI Lo sla Jow
38 ol sl 8 ol sla el 4 saudca—wl el
ol &b 0 aS g ejl slaJas ;o aS ol g E
sleJol—w sloxy cwl ool 5,55 SAPNS eyl

Sl a8l iols e b

14 Polyethylene glycol
15 Neuroprotective

sloslie o dbio zytae 7S o ras i
o0 0a sy ¥ - oy L Sl oy Vs
R 5O g 9 99— 00y ool sl Lo g
Jte 5 S 5 ol s oo i |y SeaST o,

(FF AV ail o ,dy aypms L3 ol L

Jo5als ol by -7
oy L Slidgiaee 1o TPEG) J5SulS Ll

Jel—w am Jail sl Susl (Ul 9 by g0
o051 " e e bliz C ol gl S 5 ol ity o
Sldlas QO)jLSA oolaz_wl Ls)—()A (s w.._m...m u.a_».u—l
oals plas <l ol Lo sladiges 10 0o ploil

ol 0y i 3] i alS o ge PEG 5 oolitul S
(?Ag ?%) QB_»JGA WS)? p—ﬁ)’l—f— Og—nf 9 o\.\.n)u_u—‘
aslo 095 (guwin Cawun,lo -Y

S8 e LS I Vas s 0g 5 sain slace s o
loa—l anslw d_uuo—‘ 6[.@..\_.»‘ g_Jﬁl_u 9 u_d)f
Cgliie Oygo a5 S ol 5 cwgs Ol anl glaa
amaS Wil ) (mlaaing 9 a8 ), S a LS
S o—Ban ped LSl 3)ly 39S 4 05 S D)y o
sl Loy slon jbaln g co Loy Olmin g9
S > (Ul 5y ol 3l g 009 (kB 5 (e 2l
ué)_suo B erj Lﬁu_....u)‘\) u_" .Q)L) |) ‘rz" C5.,a_w g
sl oS oo )8 Jlei pH L (ol sloalare
okt el JsSUge i 51 o 4 0 tas e LSt
dju_uf U_" a (V’) Gl 00l bl_‘>u| kr..laﬁ).a&ﬁ
YT Al glaol LS o Loyl ls L slaawy
2 S eyl 8 (L Slmio kbl slais)
Ql_7u‘ u_cl.u m] LSLQ..\._M:‘ 6)_.5)‘)5 85.4_...: u_" V\—)LQJ
S 1 a8 35t o Loy lmio 3 4y 30 ol pmdsil

Ssle pegili Ve dga s (o tad Lo 08 4L

003 i pl g Dg—Sie )L o Sl ol al i
Laasiy ol a8 cnl 151 (S il (a5 05500
Gilil ) Sislsnsed conmds Lo alie il S
S 90 o il o, slaacn, cdls ol o S
S92y S e Jolis lag] (o 45 olwn hte g Ciie
zge ol sldlime jo (5,515 IS 9—" 35l
Jloe pH g clale oo &l ,oss ol j0 Loyl Cnglio
L le, o8 o b Lol oo, 5 oo fdigp 8o uS g 50
=y o Laaty ol 48 ad cezge o sla J5SUse

VYY) Wy Lol ol slalass o

dTl LS\-\—M—AJ LSLQM_».MJ)‘Q & y— uS_' ‘U_" — os)l_c

ol y5 4§ sui >, L PADAI6-II s PADA16-T sLs

16 Self-assembling peptide
17Self-assembling peptide nanofiber scaffold

[


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-03 |

[ DOI: 10.18869/acadpub.shefa.4.1.77 ]

wyar ey .J5| oylos srﬁ)LQ”: 0)90

elio slacau s glgd

TS LE TIPSR C I LIV PR CRprp [y

>98O By o)l sl SO () (el o3l flszeds ol slacegyls
OV BA) | gme glocnfo b oS5 50 aflsn 261 50 5 035 oo 8 aslizl 550 o]
e 2 )8 o Dlacl gla s ey ol e Sis et s DI B
oot Balizl sdsacca] b 4 worear eunlany el Jolis JUail el 50 Ceyls 1l 5
B P | ol 00T g g ey e 50l ol ol 5ulad g 2S5 ol Sl (5] y gl
s 28 55 me bAoAl lpzedy oS8
. 51 4 izra g (GlgeS T panyt dgan g guar A8 5T JUEH jplazeds Cels ol
a8 o gl B ealaz i ayge plod alall o TBT o¥3lza 0 mlis pis S0 Crjpen
2 Oled g Conm T el ol clill 635 e pmes el T i g
(F7. #Y) 4y Jlail 25 5 adosccal Lol o GgusTan, 258 5 ol golo slauly)
22,8 oo Ol ela sl
ity el Fyo malf 5 5l slacas] Wy j Cuaglile o gruae lilin Cols:
sipeST panyi 5 geme sl Jslo 08y 2ol54
o sl Syl ool 2l (305005 5l (5 F5l2 5 (3liugan Cols
(V) | 3ol TBE | (80 (500 5 (o156 ol panicbp0 30 (il grae (glongs
L & (S350 gl s s AiglE 50 nlS

(PLA)

u‘l'l-.-"‘"ilﬁ:
Sy
SdafdeS
(PLGA) acd

PCL

Josl' oLt

(PEG)
Gl ls

05 Sohuiy

T

(35 0 st s S 0553 )T 0 )15 g (oS 5 (slaen o lgl =Y Jgur

w5 glacauls glgd

S5 o s 3 (Floom 2l) S 5 slacam oo p I8

5.__._-:-U 4 gac ._1_.:1) L_.;Ln'bﬂ:ﬂ_lﬂj J_.;L.J JLE.ZJ' g0 Lal_-A_u.nJJlsj C?'l! a5 asla C,Li._'n adll PL’:_-:J' GLDJL‘__..J»J_

(o) gy 5 ey e gLy (gl Jolo 285 g Lok 1)l ey ] agdle iz ol o]
O =

= Bsdesal (2158 1 e ol el Jolos Ay gz gl Oy sl 1l §

prelpen cear aly cloyenSLE Ly lne E L AT ol aolic

o olires sl dolos 4 Jlail i g stise TAnl o JguSTaly 58 Siely 5 5300 glace
wa,F 5

(YA) 38 o0 g8 aty Bl Cecly g (o500 sl o

(Y1) st o 05y jlitads WS 5 cantilie ola ol 5l oS5 Balizd

(A" Sl [l is s bl

(A‘l) Ay aalazl JBL..J “1“'.9'—1 LI al_,,a_."&

(AY) it ol JoLs g L oy an

L ?TM

453l slaaiged
8355 S pond

+PLGA
el Sy yalln

o335 + PCL

O + I 3g hait

+Jia e
sl Sy el
SWCNTs
IMMA/ DS
el S 51
(PMMAAA)
[t S5 L
o3y pls (b

ol

OPN | yalarge ¥



http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

WAF (bns) ol o)lons o loz 0y90

[ Downloaded from shefayekhatam.ir on 2026-02-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.77 |

et Lo YU 5Ldg 8055 ame 51 ol S 2501 los
Jb (e 4 Jmailo B0iS ez g Aidge 49 Sy
oS g Caas Ay diSge Al Soi 5l g ouds o)Ly
oad ;s Pl (Jlw &5 > 5150 09 d 00 00l
IS e (95 2 Gar—See ) 8 L plaaid
(S P Sl Ayl ;ST 50 00,8 (oo 0y
9 SeimaVlsSiny 9 e Jl Ol (b )
Ll ol Jhw o (oo le S o i iiS
s ay O e dn gade BLIN oS o (51 0 g oa

(AD) 9is 5 o oy cdly oy Ly gy o

Js-)

Al Gleme Y oS S il sla sl 5l —axn
Sl esliinl 990 (Sleys sla by, slm J5 S8 4
alie Lo Js5 7,8 9 J15 83lasl g Lo 10 o 5L 85l0l
St ;0 39290 (ol Jolw )l 5o le
aS Sl 00l R u_>‘ — 09)1_{: | ‘5—’)5"9‘“’
oo S 9 (S S sla Sy s
5 a=bo an J5 ol 3l ol oo aST e iy S|

Dot Jos 5 ambe

s A3l VL slales a5 Sl 5 ol Vo
O3 (557 e (219 Gy S by, o
sloaclb gl So_sle L, 5 gl slayje.uls
25 e o Sl Sl i 0)l0 0,08 (e
9 05—ty Sl i ol s 900, 5 eanls o
ooy o=l leslai il Lo oman (AY) 00,5 co oy
2ol el g geST a5l asle OS5 ol (s
SN §

] 50 g 0Bl oo (GO Oy dy S 5
Sygo (§j—ie &S 31 j0 1 se e b sl Sau
=Sl 8l Ll sl (AR) 0,8 o 18 colai ]
G S ol g oo colai il nas slajl i
= opdle bl oo s LS 5 Lo 5 Lo alin
=blg g a6 e a8l il b Ll Jl
.(q’)A_S)L) ‘)&_Lmdu)ysbgu‘)b Py —

o -V

ol ] g 5 69yt ol o sl ool
TMLFOBLS)JJ’QLF"‘“M)Q e;.\i.);.a.s_uj

SAPNS a5 o 2o oo i bz ol 5l Jools> mols
e s ol Agll (S)ls e i alS e
S3lil g e 9g) )3 355 ol g 35boe 555 0
JU G VIR W PP WL g6 WX g N WL V| - S
5 =135, 50 ol i SAPNS e ls sla S5y 5l
e Ol odle wilos sy 3l s —=Tsx
ampd 5l e Yo e )28 5 e cdh cle>
Bl Cmles jgtateas ooy i by oy 093 0
Soale aub SAPNS cyls 3,5 51 =8 ol e
Sl 1y 10l i (5,80 a sl 2l 1,
1959 ,k=d sleml s oledl an ;e SAPNS (ol
G5 )0 Smald ml (rizmed D9 oo Sig Sl b
Silmged Cmprdg dmy ha ;o ElSU A S e

5 P T NSV IO P S S| I PR W
(VF) il e

PUINUOWRPUV ST SEUVE ST VR S N RGeS K = W
S35 o smas

Elal 51,5 5w ey Glacas o Gl g el o
dd 5l (o (Fhs anl YUy jo oad 00 oS gl
s sl JsSge Sy« sty Slnle iy JLit
09° 5 Ssm 3l ey S (e e R (S
Otz Sl st B pehw Gogm o o
Uy g SlSe Eralad yils wi Lizes (glo sl
IS ogb as S b yo Slsely 6la e LA
o—=lam ey Lacdl w i) s sl &y 2lee s
S Sz Sl Lo Sy ol abl e Slrogas
(oS Ple i il slgs g (lie sloe JLal (ol
(AT S oo (Jolw 5mled 5 S0 5o 3l (Lol
O s bo b cobw lm 45 (G Sy el
ol (Sl Slpogad ol Gl 9o
G 355 ploob sla Shs L 5l soln
WS oo )8

aslo glcea )l ola s e ul ol el o s
g 0SS olanl Coow o B e 000l
oyl 5 ECM st 5 oSt Ly laon U
sla s 35lasl o e o] ;o egdle (AY) 88,5 o 50
JESTE DS TN TR IR NS o
(b (eleo) pow 09,5 Oloe ol 5 a5 rail oo
ST YOI VL. G i PO V YUV NP U, SO PSR £
oolaiwl alizes sl g, 5l o lo aJgi jotaiea
3 Sl (g9 i S L g5 (mal 5l (S0 a5 00,5 o
Selsi g YU 5ladg an3i ae S 5l (o9 2SN B
ooliiwl (gl Sl by Jodome 0l 5o (S0 2SI
=S Bl 95l a gy Laieay (AT AT) 595 0
3 ey Jne 40 YL 5Ly s e (slnsg S
e bl oS gaz an L g e 4 500 05,580
7150 aiSee ddgl (99,0 5l Jodome joe Ly 00, 5 oo

I


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-03 |

[ DOI: 10.18869/acadpub.shefa.4.1.77 ]

wyar ey .J5| Q)LQ_Z LP)LQ”: 0)90

Sos= dis

Ol W g S lo 5o ool ol G5 Jl_—“ Sl
20,5 so amls ndle d5gy el sdsdaul e 4
il 3l L ooyl con)ls 5l slaslllas jo
HLSB.H.Q )‘ S 6&@ LSLQJﬁl—“" 9 o eolar__wl
Caled 5 9m)S G ol et o s ol
s o 00 Wgy ol b ag S sl
St (=S > pmMe a5 ols i oal plol A dllas
Lo ol s PLGA cus)lo 5l , 50 glasJlas o .(AF)
L 5 gy ol a8 o oola ) eae g0l Jolw
Sire g (=150 dmld j0 (S5 o (e oMo SO0

(A0 AF) 55 ol i on

=50 5 (60 a0 ls sl Jus dlas Ly usg,
3 obmas a8 Lssil el oo b Biulesl yo
IS slooslis s,y Sl J 5 sLaanl b
am |y Lo ailgi oo Loasdl, ol cul (65,2 5 p—te
i Slnld e )s gz Gy 9 553 5,
Slalllas gl (izres Sl Hgoip) §535 50 (s
Obes® omFee (0t 43S g Jolow Cnls (e o
Aol —leys sleogd ol sleslaiwl jo atdl o il oo

80,5 Jol> ileys Aol s s

=€ 5 a5 sl ge ao SLaS 5 ol s S o
AV AY)(Y )._.»9.«4;) Qloo—dy aslw ).Jdod..:)z.:

Bl (oo 32515 )0 (oS 5 sloo 2l
3 S 5 bol ol A S soly s Sl ol sl
)9...«4> ) (M_u.u)‘é) MLA ).o._.m.: 9 60[...».».: 6LQJ5J._M:
S Ll gl Ll i i 0y sl )5S
ol_7u‘ o..béu.._...j :\_._‘>L> )0 Ls"\—‘?"" J}l_w )_...SJ 9
oo plosl Sladlas 5l (69l 7 s dy 1) )0 0SS oo

e Stz 005 Doj9—ie 4y Ol sl gl
36)—{)"’(;“4;@"_“"“")0 Oubbu.o_u}‘ &_AJL'BOHS‘
oS5 pile ey oS8 o Jolw pl o lo o)_.)lSo_la.am
ol Jail slmJ5Sgn 5| sl 5 ok 5
(V) S wodgi oo amlod ol o i Cp>
o ow ol 5o,y aS ol s Slsdlas g, 5l 3l
g ailoa b il S Qo Dygo 4 a S olacanls
a9l e eadanls il o Lagl )5 (e
owuwjoaﬁg&J@MTJmljwﬁ
=2k 3 ATV jmsad) 00,5 5 o > oo
g NT3 o) sl ,eSlha s o oo oo loii Lo )55
Cayld 0 00l 3,5 sl Jol—w o ;o 4y BDNF
QYY) ol awls ey o (o, PAN/PVC
l_.{ 9 ‘_5_...49 6ol_..a.> LSLDJP )‘ e.bLa.._..u‘ Q] — as)l_c
oo aslw LSLQM)‘\) o‘)_o.b Ao —ac )L».uuu.u
S >l gl Jlw jo 4 el Sllhae ales 5l
(AY) el ass 5 ), 8 o die d_>g5 0,5

j CellAdnesion Biomolecule Delivery

a \
]
et : Herve Guidance :
Ry Ftemal a0 Channel Mechanical Strength
/ Hydrogel Scaffold \ l \
7/&7%:';( R
Cell Encapsulation ChannelsfFibers
and Transplantation ElectricallyActive L
thtt
il Parosity

2 0
Rive

Biodegradable

\/

A5 5 €9 J3aroen lo o)l 05 5o oS sl le (b - F pguai

L(AY) @)Iawa.c;;‘,{k\mﬁ...aa\qq!c\g by o lizle gulds ‘f!)b—\"xg.a)'


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

WAF (bns) ol o)lons o loz 0y90

[ Downloaded from shefayekhatam.ir on 2026-02-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.77 |

1. Jones LL, Oudega M, Bunge MB, Tuszynski MH.
Neurotrophic factors, cellular bridges and gene therapy
for spinal cord injury. J Physiol. 2001; 533(1): 83-9.

2. Darvishi M, Tarihi T, Delshad AR, Mesbah Namin AR,
Taheri T. Evaluating the function of motoneuron-like cells
differentiated from rat adipose derived stem cells through
calcium ion imaging and investigating the synaptic vesicle
recycling. Pejouhandeh. 2013; 18(5): 254-66.

3. Beattie MS, Li Q, Bresnahan JC. Cell death and
plasticity after experimental spinal cord injury. Prog Brain
Res. 2000; 128: 9-21.

4. Huber AB, Schwab ME. Nogo-A, a potent inhibitor of
neurite outgrowth and regeneration. Biol Chem. 2000;
381(5-6): 407-19.

5. Fawcett JW, Asher RA. The glial scar and central
nervous system repair. Brain Res Bull. 1999; 49(6): 377-
91.

6. Darvishi M, Tiraihi T, Taheri T. Treatment of spinal
cord injury using transplantation of motoneurons derived
from adipose stem cells following histone deacetylases
inhibitors therapy in acute phase. Shefaye Khatam. 2015;
2 (3): 114.

7. Webb AA, Ngan S, Fowler D. Spinal cord injury II:
prognostic indicators, standards of care, and clinical trials.
Can Vet J. 2010; 51(6): 598-604.

8. Darvishi M, Tiraihi T, Taheri T. Combined treatment of
spinal cord injury using transplantation of motoneurons
derived adipose stem cells and adipose mesenchymal
stem cells transfected with GDNF following valproic acid
treatment. Shefaye Khatam. 2015; 2 (3): 118.

9. Alsberg E, Anderson KW, Albeiruti A, Rowley JA,
Mooney DJ. Engineering growing tissues. Proc Natl Acad
Sci U S A. 2002; 99(19): 12025-30.

10. Rose FR, Oreffo RO. Bone tissue engineering: hope
vs hype. Biochem Biophys Res Commun. 2002; 292: 1-7.

11. Barati P, Tiraihi T, Darvishi M, Kazemi H. P77: cell
therapy approaches to enhancing neuro-regeneration
after spinal cord injury: generation neural stem cells from
neurosphere-derived adipose stem cells using bioactive
substance TNT. Shefaye Khatam. 2015; 2 (3): 127.

12. Avellino AM, Hart D, Dailey AT, Mackinnon M,
Ellegala D, Kliot M. Differential macrophage responses

&L

in the peripheral and central nervous system during
wallerian degeneration of axons. Exp Neurol. 1995;
136(2): 183-98.

13. Blesch A, Tuszynski MH. Cellular GDNF delivery
promotes growth of motor and dorsal column sensory
axons after partial and complete spinal cord transections
and induces remyelination. J Comp Neurol. 2003;
467(3): 403-17.

14. Khojasteh A, Behnia H, Dashti SG, Stevens M.
Current trends in mesenchymal stem cell application in
bone augmentation: a review of the literature. J Oral
Maxillofac Surg. 2012; 70(4): 972-82.

15. Darvishi M, Tiraihi T, Taheri T. Treatment of
spinal cord injury using transplantation of adipose
mesenchymal stem cells transfected with poly-I-
lysine/ DNA (GDNF)-super paramagnetic iron oxide
nanoparticles. Shefaye Khatam. 2015; 2 (3): 115.

16. Barati P, Darvishi M, Tiraithi T, Doroudi T.
Neurogenic differentiation of rat bone marrow stromal
cells by the non toxic factors of bioactive substance as
an inducer. Shefaye Khatam. 2014; 2 (2): 47-55.

17. Blesch A, Tuszynski MH. Transient growth factor
delivery sustains regenerated axons after spinal cord
injury. J Neurosci. 2007; 27(39): 10535-45.

18. Bloch J, Fine EG, Bouche N, Zurn AD, Aebischer
P. Nerve growth factor and neurotrophin-3 releasing
guidance channels promote regeneration of the
transected rat dorsal root. Exp Neurol. 2001; 172(2):
425-32.

19. Borgens RB, Roederer E, Cohen MJ. Enhanced
spinal cord regeneration in lamprey by applied electric
fields. Science. 1981; 213(4508): 611-7.

20. Zhang S. Designer self-assembling peptide
nanofiber scaffolds for study of 3-D cell biology and
beyond. Adv Cancer Res. 2008; 99: 335-62.

21. Chen MS, Huber AB, van der Haar ME, Frank
M, Schnell L, Spillmann AA, et al. Nogo-A is a
myelin-associated neurite outgrowth inhibitor and an
antigen for monoclonal antibody IN-1. Nature. 2000;
403(6768): 434-9.

22. Bhatheja K, Field J. Schwann cells: origins and role

in axonal maintenance and regeneration. Int. J Biochem
Cell Biol. 2006; 38(12): 1995-9.

[


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.77 |

wyar QLM..w) .J5| e)La..i'; ‘\")LQ)-.- 0)90

Sos= dis

23. Greenwald SE, Berry CL. Improving vascular
grafts: the importance of mechanical and haemodynamic
properties. J Pathol. 2000; 190(3): 292-9.

24. Dodla MC, Bellamkonda RV. Differences between
the effect of anisotropic and isotropic laminin and nerve
growth factor presenting scaffolds on nerve regeneration
across long peripheral nerve gaps. Biomaterials. 2008;
29(1): 33-46.

25. Fine EG, Valentini RF, Bellamkonda R, Aebischer
P. Improved nerve regeneration through piezoelectric
vinylidene  fluoride-trivfluoroethylene  copolymer
guidance channels. Biomaterials. 1991; 12(8): 775-80.

26. Hynds DL, Snow DM. Neurite outgrowth inhibition
by chondroitin sulfate proteoglycan: stalling=stopping
exceeds turning in human neuroblastoma growth cones.
Exper Neurol. 1999; 160(1): 244-55.

27. ljkema-Paassen J, Jansen K, Gramsbergen A, Meek
MF. Transection of peripheral nerves, bridging strategies
and effect evaluation. Biomaterials. 2004;25(9): 1583-92.

28. Itoh S, Takakuda K, Kawabata S, Aso Y, Kasai K, Itoh
H, et al. Evaluation of cross-linking rocedures of collagen
tubes used in peripheral nerve repair. Biomaterials. 2002;
23(23):4475-81.

29. Abbott A. Cell culture: biology’s new dimension.
Nature. 2003; 424: 870-2.

30. Lee J, Cuddihy MJ, Kotov NA. Three-dimensional
cell culture matrices: state of the art. Tissue Eng Part B
Rev. 2008; 14(1): 61-86.

31. Lavik E, Langer R. Tissue engineering:current state
and perspectives. Applied Microbiol Biotechnol. 2004;
65(1): 1-8.

32. Ruoslahti E, Pierschbacher MD. New perspectives
in cell adhesion: RGD and integrins. Science. 1987,
238(4826): 491-7.

33. Ruoslahti E. Fibronectin and its receptors. Annu Rev
Biochem. 1988; 57: 375-413.

34. Yamada KM. Adhesive recognition sequences. J Biol
Chem. 1991; 266(20): 12809-12.

35. Scott M, Matsudaira P, Lodish H, Darnell J, Zipursky
L, Kaiser C, et al. Molecular cell biology. 5" ed. San
Francisco: CA WH Freeman. 2003; p. 549-56.

36. Alberts B, Johnson A, Lewis J, Raff M, Roberts K,
Walter P. Molecular biology of the cell. 4" ed. New York:
Garland Publishing. 2002; p. 493-7.

|

37. Pampaloni F, Reynaud EG, Stelzer EHK. The third
dimension bridges the gap between cell culture and live
tissue. Nature Rev Mol Cell Biol. 2007; 8: 839-45.

38. Toda S, Watanabe K, Yokoi F, Matsumura S, Suzuki
K, Ootani A, et al. A new organotypic culture of thyroid
tissue maintains threedimensional follicles with ¢ cells

for a long term. Biochem Biophys Res Commun. 2002;
294(4): 906-11.

39. Hadjantonakis AK, Dickinson ME, Fraser SE,
Papaioannou VE. Technicolour transgenics: imaging
tools for functional genomics in the mouse. Nature Rev
Genet. 2003; 4(8): 613-25.

40. Timmins NE, Harding FJ, Smart C, Brown MA,
Nielsen LK. Method for the generation and cultivation
of functional three-dimensional mammary constructs
without exogenous extracellular matrix. Cell Tissue
Res. 2005; 320(1): 207-10.

41. Zuk PA. Tissue engineering craniofacial defects
with adult stem cells? are we ready yet? Pediatr Res.
2008; 63(5): 478-86.

42. Galler KM, D’souza RN, Hartgerink JD, Schmalz
G. Scaffolds for dental pulp tissue engineering. Adv
Dent Res. 2011; 23(3): 333-9.

43. Marchand R, Woerly S, Bertrand L, Valdes N.
Evaluation of two cross-linked collagengels implanted
in the transected spinal cord. Brain Res Bull. 1993;
30(3-4): 415-22.

44. Shamloo A. Neuronal cell navigation within a
microfluidic device. 2™ ed. Middle East: Conference on
Biomedical Engineering. 2014; p.261-4.

45. Paino CL, Bunge MB. Induction of axon growth
into Schwann cell implants grafted into lesioned adult
rat spinal cord. Exp Neurol. 1991; 114(2): 254-7.

46. Bunge MB. Bridging the transected or contused
adult rat spinal cord with schwann cell and olfactory
ensheathing glia transplants. Prog Brain Res. 2002;
137: 275-82.

47. King VR, Phillips JB, Brown RA, Priestley JV.
(2004). The effects of treatment with antibodies to
transforming growth factor betal and beta2 following
spinal cord damage in the adult rat. Neuroscience.
2004; 126(1): 173-83.

48. Phillips JB, King VR, Ward Z, Porter RA, Priestley
JV, Brown RA. Fluid shear in viscous fibronectin gels
allows aggregation of fibrous materials for CNS tissue
engineering. Biomaterials. 2004; 25(14): 2769-79.


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.77 |

WAF (bns) ol o)lons o loz 0y90

49. Suzuki Y, Kitaura M, WU S, Kataoka K, Suzuki K,
Endo K, et al. Electrophysiological and horseradish
peroxidase-tracing studies of nerve regeneration through

alginate-filled gap in adult rat spinal cord. Neurosci Lett.
2002; 318(3): 121-4.

50. Freier T, Montenegro R, Shan-Koh H, Shoichet MS.
Chitin-based tubes for tissue engineering in the nervous
system. Biomaterials. 2005; 26(22): 4624-32.

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

52. Ozgenel GY. Effects of hyaluronic acid on peripheral
nerve scarring and regeneration in rats. Microsurgery.
2003; 23(6): 575-81.

53. Fergal J, O’Brien. Biomaterials & scaffolds for tissue
engineering. Biomaterials. 2011; 14(3): 88-95.

54. Yuan Y, Zhang P, Yang Y, Wang X, GU X. The
interaction of Schwann cells with chitosan membranes
and fibers in vitro. Biomaterials. 2004; 25(18): 4273-8.

55. Mohanna PN, Young RC, Wiberg M, Terenghi G.
A composite poly-hydroxybutyrateglial growth factor
conduit for long nerve gap repairs. J Anat.2003; 203(6):
553-65.

56. Novikov LN, Novikova LN, Mosahebi A, Wiberg M,
Terenghi G, Kellerth JO. A novel biodegradable implant
for neuronal rescue and regeneration after spinal cord
injury. Biomaterials. 2002; 23(16): 3369-76.

57. Nampoothiri KM , Nair NR, John RP An overview
of the recent developments in lylactide (PLA) research.
Bioresour Technol. 2010; 101(22): 8493-501.

58. Bendix D. Chemical synthesis of polylactide and its
copolymers for medical applications. Polym Degrad.
1998; 59(1-3): 129-35.

59. Faghihi F, Mirzaei E, Ai J, Lotfi A, Sayahpour F,
Barough S, et al. Differentiation potential of human
chorion-derived mesenchymal stem cells into motor
neuron-like cells in two- and three-dimensional culture
systems. Mol Neurobiol. 2016; 53(3): 1862-72.

60. Barough S, Javidan A, Saberi H, Joghataeci MT,
Rahbarghazi R, Mirzaei E, et al. Evaluation of
motor neuron-like cell differentiation of hEnSCs on
biodegradable PLGA nanofiber scaffolds. Mol Neurobiol.
2015; 52(3): 1704-13.

61. Pitt CG. Poly-g-caprolactone and its copolymers, in

biodegradable polymers as drug delivery systems.
New York: Marcel Dekker. 1990; p. 71.

62. Coombes A, Rizzi S, Williamson M, Barralet
J, Downes S, Wallace W. Precipitation casting of
polycaprolactone for applications in tissue engineering
and drug delivery. Biomaterials. 2004; 25(2): 315-25.

63. Patist CM, Mulder MB, Gautier SE, Maquet V,
Jerome R, Oudega M. Freeze-dried poly (D,L-lactic
acid) macroporous guidance scaffolds impregnated
with brain-derived neurotrophic factor in the
transected adult rat thoracic spinal cord. Biomaterials.
2004; 25(2):1569-82.

64. Day RM, Boccaccini AR, Maquet V, Shurey S,
Forbes A, Gabe SM, et al. In vivo characterisation of a
novel bioresorbable poly(lactide- co-glycolide) tubular
foam scaffold for tissue engineering applications. J
Mater Sci Mater Med. 2004; 15(6): 729-734.

65. Asti A, Gioglio L. Natural and synthetic
biodegradable polymers: different scaffolds for cell
expansion and tissue formation. Int J Artif Organs.
2014; 37: 187-274.

66. Montgomery CT, Tenaglia EA, Robson JA.
Axonal growth into tubes implanted within lesions
in the spinal cords of adult rats. Exp Neurol. 1996;
137(2): 277-90.

67. Montgomery CT, Robson JA. Implants of cultured
Schwann cells support axonal growth in the central

nervous system of adult rats. Exp Neurol. 1993;
122(1): 107-24.

68. Liu LS, Khan T, Sayers ST, Dauzvardis MF,
Trausch CL. Electrophysiological improvement after
co-implantation of carbon filaments and fetal tissue

in the contused rat spinal cord. Neurosci Lett. 1995;
200(3): 199-202.

69. Laverty PH, Leskovar A, Breur GJ, Coates JR,
Bergman RL, Widmer WR, et al. A preliminary study
of intravenous surfactants in paraplegic dogs: polymer
therapy in canine clinical SCI. J Neurotrauma. 2004;
21(12): 1767-77.

70. Beniash E, Hartgerink JD, Storrie H, Stendahl
JC, Stupp SI. Self-assembling peptide amphiphile

nanofibre matrices for cell entrapment. Acta Biomater.
2005; 1(4): 387-97.

71. Haines-Butterick L, Rajagopal K, Branco M,
Salick D, Rughani R, Pilarz M, et al. Controlling
hydrogelation kinetics by peptide design for three-
dimensional encapsulation and injectable delivery of

I


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.77 |

wyar QLM..w) .J5| e)La..i'; ‘\")LQ)-.- 0)90

Sos= dis

cells. Proc Natl Acad Sci U S A. 2007; 104(19): 7791-6.

72. Smith AM, Williams RJ, Tang C, Coppo P, Collins
RF, Turner ML, et al. Fmocdiphenylalanine self-
assembles to a hydrogel via a novel architecture based on
p—p interlocked b-sheets. Adv Mater. 2008; 20(1): 37-41.

73. Zhang S. Fabrication of novel biomaterials through
molecular self-assembly. Nat Biotechnol. 2003; 21(10):
1171-8.

74. Jayawarna V, Ali M, Jowitt TA, Miller AF, Saiani
A, Gough JE, et al. Nanostructured hydrogels for
three-dimensional cell culture through self-assembly of
fluorenylmethoxycarbonyl-dipeptides. Adv Mater. 2006;
18(5): 611-4.

75. Wang Y, Wei YT, Zu ZH, Ju RK, Guo MY, Wang
XM, et al. Combination of hyaluronic acid hydrogel
scaffold and PLGA microspheres for supporting survival
of neural stem cells. Pharm Res. 2011; 28(6): 1406-14.

76. Cao H, Liu T, Chew SY. The application of
nanofibrous scaffolds in neural tissue engineering. Adv
Drug Deliv Rev. 2009; 61(12): 1055-64.

77.  Hackett JM.  Electrospun  biocomposite
polycaprolactone/collagen tubes as scaffolds for neural
stem cell differentiation. Materials. 2010; 3(6): 3714-28.

78. Yong JR, Zi YZ, Fu ZC, Ying W, Jun PZ, Qun YX.
Hyaluronic acid/polylysine hydrogel as a transfer system
for transplantation of neural stem cells. J Bioact Compat
Polym. 2009; 24(1): 56-62.

79. Tian WM, Zhang CL, Hou SP, Yu X, Cui FZ, Xu
QY, et al. Hyaluronic acid hydrogel as Nogo-66 receptor
antibody delivery system for the repairing of injured rat
brain: in vitro. J Control Release. 2005; 102(1): 13-22.

80. Lai JC, Schoen MP, Perez Gracia A, Naidu DS, Leung
SW. Prosthetic devices: challenges and implications
of robotic implants and biological interfaces. Proc Inst
Mech Eng H. 2007; 221(2): 173-83.

81. Prabhakaran MP, Venugopal JR, Ramakrishna S.
Mesenchymal stem cell differentiation to neuronal cells
on electrospun nanofibrous substrates for nerve tissue
engineering. Biomaterials. 2009; 30(28): 4996-5003.

82. Yow SZ, Quek CH, Yim EK, Lim CT, Leong KW.
Collagen-based fibrous scaffold for spatial organization
of encapsulated and seeded human mesenchymal stem
cells. Biomaterials. 2009; 30(6): 1133-42.

83. Liang D, Hsiao BS, Chu B. Functional electrospun
nanofibrous scaffolds for biomedical applications. Adv

]

Drug Deliv Rev. 2007; 59(14): 1392-412.

84. Chew SY, Wen Y, Dzenis Y, Leong KW. The role of
electrospinning in the emerging field of nanomedicine.
Curr Pharm. 2006; 12(36). 4751-70.

85. Medberry C, Crapo P, Siu B, Carruthers A, Wolf
M, Nagarkar S, et al. Hydrogels derived from central
nervous system extracellular matrix. Biomaterials.
2013; 34(4): 1033-40.

86. Crapo PM, Wang Y. Small intestinal submucosa
gel as a potential scaffolding material for cardiac tissue
engineering. Acta Biomater. 2010; 6(6): 2091-6.

87. Wolf MT, Daly KA, Brennan-Pierce EP, Johnson
SA, Carruthers CA, D’Amore A, et al. A hydrogel
derived from decellularized dermal extracellular
matrix. Biomaterials. 2012; 33(29): 7028-38.

88. Narotam A, Dellen j, Bhoola K. A
clinicopathological study of collagen sponge as a
dural graft in neurosurgery. J Neurosurg. 1995; 82(3):
406-12.

89. Zeng X, Zeng Y, Ma Y, Lu L, Du L, Zhang W.
et al. Bone marrow mesenchymal stem cells in a
three-dimensional gelatin sponge scaffold attenuate
inflammation, promote angiogenesis, and reduce cavity
formation in experimental spinal cord injury. Cell
Transplantation. 2011; 20(11-12): 1881-99.

90. Bamber NI, Li H, Lu X, Oudega M, Acbischer
P, Xu XM. Neurotrophins BDNF and NT-3 promote
axonal re-entry into the distal host spinal cord through

Schwann cell-seeded mini-channels. Eur J Neurosci.
2001; 13(2): 257-68.

91. Prokopova-Kubinova S, Vargova L, Tao L, Ulbrich
K, Subr V, Sykova E, et al. Poly[N-(2-hydroxypropyl)
methacrylamide] polymers diffuse in brain extracellular

space with same tortuosity as small molecules. Biophys
J.2001; 80(1): 542-8.

92. Ramon-Cueto A, Santos-Benito FF. Cell therapy to
repair injured spinal cords: olfactory ensheathing glia
transplantation. Restor Neurol Neurosci. 2001; 19(1-2):
149-56.

93. Straley KS, Foo CW, Heilshorn SC. Biomaterial
design strategies for the treatment of spinal cord
injuries. J Neurotrauma. 2009; 27(1): 1-19.

94. Fouad K, Schnell L, Bunge MB, Schwab ME,
Liebscher T, Pearse DD. Combining Schwann cell
bridges and olfactory-ensheathing glia grafts with


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html

WA Liwcs) Jol olosds o )lez 0)90

[ Downloaded from shefayekhatam.ir on 2026-02-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.77 |

chondroitinase promotes locomotor recovery after
complete transection of the spinal cord. J Neurosci.
2005; 25(5): 1169-78.

95. Tannotti C, Li H, Yan P, Lu X, Wirthlin L, Xu XM.
Glial cell line-derived neurotrophic factor—enriched
bridging transplants promote propriospinal axonal

regeneration and enhance myelination after spinal cord
injury. Exp Neurol. 2003; 183(2): 379-93.

96. Kramer M, Chaudhuri JB, Ellis MJ. Promotion
of neurite outgrowth in corporation poly-l-lysine into
aligned PLGA nanofiber scafolds. Europ Cell Mater.
2011; 22: 53.

[


http://dx.doi.org/10.18869/acadpub.shefa.4.1.77
http://shefayekhatam.ir/article-1-922-en.html
http://www.tcpdf.org

