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ABSTRACT

Introduction: Tissue engineering is the science of tissue design for the healing and
regeneration of tissue lesions. Peripheral nerves are typically in danger of physical injury.
Peripheral nerve injuries can cause by construction and transport accidents, natural disasters,
war-related injuries, and surgical complications. Spontaneous repair of the peripheral nerve is
often incomplete, with poor functional recovery. Therefore, nerve tissue engineering researchers
have invented scaffolds that can help neural tissue repair due to the type of conformation and
their constituents. If the nerve gap in the peripheral nervous system is less than 1 cm in length,
the two ends of the gap can be surgically connected, for larger gaps neural autograft is the
gold standard. Applying autograft is restricted due to the deficiency of donor nerves and the
requirement of multiple surgeries. The central nervous system is more challenging as the neural
repair inhibitor environment is created after injury. Therefore, design of various scaffolds to
facilitate nerve tissue repair and regeneration could be a promising method to overcome these
problems. Conclusion: Nervous system tissue engineering using nerve scaffolds is one of the :
therapeutic approaches to replace damaged nerve tissue. To this end, this paper examines the Key words:
properties of ideal scaffolds and the biomaterials used in scaffold construction, as well as the :

1. Tissue Engineering

cells and growth factors appropriate for the treatment of nerve lesions. i 2. Peripheral Nerves
3. Central Nervous Sys tem

i 4. Regenerative Medicine

*Corresponding Author: Arash Abdolmaleki
E-mail: Abdoimalekiarashl364@gmail.com


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

a4 uL......\Lu g a)Lc..i) i 09 6 s =° ’_‘A ‘L“_~

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

Yogy aky owil ol pogo 00l) B gumnl dlasw! T Slodlose u‘;'aﬂ

ul)i‘ Cyad ‘L;.;..-b)l B olKasls Ry 61‘“6)5@ saSisls g |A5J.: 0515\
Ol s e (298 (slacs yolid oKl (5 y5lid ) g () psle (g S "

Q‘)—.‘.‘ ‘J..:.‘téj s&géﬂ (3éa oKisls 6|°5J.; saslisls ‘G»L.ww) 05;\‘

i wleMb|

VWA 6o V) sy pdy VAA STV il VWAA o005 YA 1l 0

0%1_7

A

P dae ) 6 Blse 5 Kix 5l b o] (e bk B 5 Jo> 5 ezl

Slge g Hgele)gdiS g9 4 azg b &S Wloo S glal 1) placenls rae S8l (pwiige ol

BUBHS CHUIS{ K'Y IF IO | L WISt ) IR VEL S OX SRpIv Lot FEPUO S JPPRRVH N PR R CER Y

Pa 2l Jee b SIS Glesil 9o plgioo 09d slml (asmme (cnae w3 Job Sl S

P al Sl sl eoliwl il oo oMb o lalin] peae c8l Sl 255 LIS gl o) Wen 0

s PCIURER VA RPN SRR SR Ny e iz plol &g 00 g diddCwac 35S o 4

P onloe D97y A (sras e 89Sl e il G e sl 5SSl Sl 655 5

by e WlEee omae 8L bl 5 pee s s sl B lacian )l (b calnl

L) - [ FRIVPYPC USRI | ARSI SV Py 7 T1 | L. T4 T AR WA TR LD B ¥ Jp- JAPNCEL I PRVOY

TRV PRV | wras S8b 0l jlatedy Jloyo slas iy, 5l (S srae slacan)ls
Posle o eolitul 550 (w dlse g Jlowsl slacaw)ls sla Sy wyn 4 Al ol jshate

, S3ls o omas Sluls loys jsbiteds conlio wd) sla g5l g b Jslo cpuimad dacown)ls

ol wls': ' ‘

2l iy ) |
e lacl Y

Shellace (3,1 1 ghanns oiumn g *
Abdolmalekiarash1364@gmail.com : Saig yuSII o]


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

ARt uL...ab Py o)[‘»ﬁ (ommia 09,

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

iy S (o0 4] (e Sl (s 1
s 3§55 0 (e i (S 98 5 (e
S X s S & e e
9 =by cmas @S (ol Ol e 5l 655 e
sloisn plas cdlad 5 0S o (310 0 |y oad 8l yo
e (s mins b3 0 51,5 b e |, ony
e s 9o ) (5se lasl 80,5 o
T e ok D) (e clasl (Wb o )5
bl oy Shas 5l o o sLno,S 5 (Wg o
9 83 0 e i o bLS sl i (0
0929 Jobw €95 99 5l (e s 0Bl oo Laplu]
bl sl 5l Ly yg8 ol oot Sas LS 58
)“9"*;—*“‘?6—?*4‘@1—“%’)065)—{1“56)&’.'@
UMV [P WY VIS SVNIU, 3 AR PN EVISNIIWE SRR R
S s gy et slasl LS slo sl
DS oo pliiples 5 00, S a LT, Lagy,ss S, L
D)l s bl Layg ) > o ixen
(s i )3 Olg—d sladdl—w Jol b LallSy,y5
LallS's ;Seg Loty sl 5 oo ;00 gSdl ¢ arone
9 B, 2055l ain (655 po (s s 50
=5 e Sl oe e SIS ot sla ol
O)g—e Ay 45w Bl oo plemdy glss jlanY as
Sy so el 9 0 iS o ganle |) enST S5 2SI
e =55 S Ly ooyl g 5 Clan (g5,
Loaieisn 3l 635 0 (st i 5 03,5 5,50
NS oo b (e sl sl s

ol slaye—nST ol 51 S o Gl bl o 5L 0
3,13 S92 po— 539l pls 4 (o es 3L o
sl oo Sz IST sl [HERVS YR PRY
Ny o goz ot SIS baoys—nST ol (laegaze
ISl g0 L5 90 s oo JSii ] JSeuld
el a5 58 pe 558 (5 Pl A (g Ly
slodslo 5l S—iie goaie Lo 5l o5 55 5
ool ogzg any (I 5 Cadlig b (y3man (s
5 Ng—dier & o 90 Sl sz Coly o c
DS oAbl 1y Loy T Gl bl gy 95 ol aiyem Ly
i Jhme 45 053 092y (g0 Sl (e
(=35 =y il el Clib () msad) aiwe ccac
ol 00l JSa5 glazdlis 5 (2B s oS cslai
S rmnS 1> 80l pls 4y (guiile aily Al glss 55 ey
IS S5 25 sLa gy (Jko e 1S 31 092
ool 095 4y s> Lo, 5 S5 o sl
o0 4 blol si s b0le bag (6 iS5 B0l e
JLS gla ol 5 by aST Lol i o 55l ol
A Ay 90 sl ko &l_>u Sl bl Gzl ..\_,...»LGA

! Band of bungner

dodlo

iely ol Jas 5l 3b 5 lse 5 Lo lom asils
& S=3dn sl ey s S e cas
s Coomnd o o Jlg Jdow 4 e 4 S aes o
JeaFon Comd jl (SS9
sladsl—w 5 laiu—wgiges Lajliy Sle 092 o0 (55|
B 1y 5T Ll 5 (alon BIE S 005, L ly
oSl slassse ST (g5lmil S o cger
Sy a |, S8y 54,9 6“)?5‘55 9 ol— C)l%
9 d_ug.v‘) 6Lmo)f .Lwy QB_,..Sl L_Sucb‘? J_i)j‘sa
S92 4m Ole—b Gl el lawgs soz e SN
p_».A)J DO r:l_‘>u‘ |) 05_‘> ;Q_>UOB o)l_‘ajé J_a‘s.u 05_.»51
Seilogy VLS )3 53 45 (o o il 50,000 Ly
e i ] JLSs 4 a5l e ol 50 Ly
w2 P mas S ol S Gearen (o2ly 555
e Ul Longygysh s e &) (LlSg,S
0305 <0925 S 625l Dj9—e )0 Gl il
o S bl (s (mas pis NS (55
Gl sl b o e el wdige (F) ojlas s
oy L aS ashes,S gloyl ) oo s rae il
ghcl.‘ ULMJDMQ J..Lm) 0‘5_;7 9 09.._....1[.@)3.0..5 &5_| a
u_....;)lo 3_..@‘4 LAJHLSA emou.._,.ﬂ s UJL! W_"‘Q)"
L_S‘ou\_ou.) )lS u_w] 63_: a4 4_‘>3.v L» u_wL..a ‘5._.....4)
000 ol d Lz 3l 6l alo o Jo
Slasl g ST JSis g gaTign sl Jol—w
Cmlas g 0ty @l g Sdg g8 Lo Sl

(O ) 9 s lagyyuST

(L ot (659199 Jud

I


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80]

a4 QL..M;L PG Q)LQ.:J i 09

S8 )—= a3,

el ¥ L ) 5 5SS il s vae S , 51
=l Jeee L) SIS slgiil 99 ()l o0 w052 Sl
3 labisl ae Sl Fel a S0 0 dtgm 0SS A
Sloslaiwl o il oo 55,5 Bl gl Db
Ll &) o 5 camocuas 39S Jdo 4y ol Sl
2l e (mlatudgaze Glls Jee moix
ot S5t Ly s 8l Sl sl 8l S5 5 <815l
ool Bl s 9) 4 g5 (6 5le JLE g 0 g 05
ot 097 el 55Kl e 655 e (s
Ay s 5D (e o5 8IS e b el |

G JUS— (oS Aty Sy 5 (o
5 Lvazmale a (65750 (oras pir 5l (5 >
DS oo Jo> (655 po (oS i & sas
8 Sy Ay Job po sy A sles IS
525 (e sLry)98 (Job ez 5l g 0 Slas S

Ve A ysgs) wiloais

S sleaiy,

AL S ylo

PHIF S

33594l

oled Jelw

oud aidio oygunsT

A(V)Mww)bww&éﬁaym)b}b—\ Pea

V) o6 il Saagill sl =Yy guad


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

ARt uL...ab Py o)[‘»ﬁ (ommia 09,

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

Jolsie g litws sl Lol 5 (3 oly—s
s Gl bl clacsl 5 ojlowil e o olale
il olale Liy 51 56 Lts Liylidl 5l o ,mSsl
P et oSl BSi5 6 mddsi (VA) 0l
amo oo )8 el oS rae e 898 sl S5 o
A JS_is S Olge A o (6,35 3505 (V)

(Vo) o)l (S Q] el bl g

Sl Gy s S g

=l i d ol mae G o co b BB
o= J2 (Soiele 5 sla)lad 1l 5o (izmen (V)
S s mdBllanil g 0Bl pslie (cras e Jobo 5o
Dgis B (505957 9 Silgl L ol an sls
Aol Cow S aS S )b e tol (59,0
aulyd 5l 8l sslal an ailes sed ol a il g0l
slo g6 (o sasms LS5 ) Olgs
2..\_4.5)) 0|9_4 9 LJ"°9J )_.'49 so)‘Hé CmolBs J._».A 60&)‘

(F) ol (K o)

M}‘é G)Lo:.o

LY S SLAW PPV S SPEE LA L y-J B
AVY) 09— o0 S8 Sl (miign S5 (>1ib
ooldie 5o g slady) il cn)ls o, Slo ulde o
Oty Stz (e Al LSS LSl 5 S
)0 (Sl sla Sy 9 s mdidehi ( Jolot 4y
Sl Gl el s § Sles 5l oolai ol (YY)
e gled Gl TRy (oas sl
> cwlio s 5,50 sload ol ool ales 5l (50,84
o i el 5 Loyl s, 5 sk Jal
) ol glos Shoe colan cgzr cnlio SIS 555

(YFYB) asS o asl)|

72 Rl L g e sl (le s St (S

Sl oy 5 ccgian slo ol s o wsjeol o
oola__ul O)9—0 (—as le.w_/_.w))‘é celw 90 =2 .\.}a
DS s )8

b 5 poudy

Sl i sasge 5,5l as (ab sLn ok
el cel Lagl 5l gl (V8) as)ls cals

Sl 5 05—t Sl 6550 DelS ey ol o0 052
Ce—digen LB ¢ Al i e 0 (SIS ie
)l 0SS ohb eac 8l saze s3lwil g
L ogd o0 o=lb BGue o3l sl Shyama>ei L
Cs 18 095 003l (e bl (3l ol o
Al Gl ¢ ac slo ol Q)_?La,ajJL.af‘ ceb
g J— (Jlwss ay JlwyiSgpm 4>l 5l eS| A le>

OY) 29—3 o0 9l

pBle a4 S (60)les b Fsll 5 ke 3l S
DOLA &9_7 “55—“’6" 4_»3)5)_'44 )é M)‘é LH‘)'E
oy y A ol a8 ol ol ¢ | bass LS
é‘s_n )‘ ‘5‘4_@)1? O 9 J‘o\.\_>‘ g.»_m.f)lo 6L®U;)49
20 e Gl S (o ool wl 8,50 S

JToasl Comyls s Sig

S5 S

DB ol S G e L ol ()l e
ol 15 oyl bl 4l (65 3,5
S B 5 (8L ) (=9
A oo Aol Sl (i ()T ool
2 O ag—reg 9 (s—9> Sl e GJgen
e s B)lee b cenyls (8L )55
L 0ie=ly am ymie g 0l i dlo (oae =l (g,
Sl )5l )3 058 (el (05 i 9 (S St
Cl 5 s S o (S ple S 3l

OFN0) 0, S o )8 azrgi 0)9 o (e

S RNy Sy

Sloass J a8 & jamo an aSilgiy a0l (smas S o SO
Slg—o 31 1) Lacn,lo lozol g i a5 (o J=lo yo
wSlw oo Sl 9GSl e s ymdilicn 5
im0 U rar poy jl (S soal cws 4zl
Wb oae Yeb slalb,s Jodb o az Slog —ol>
91k 3wl @l Sl Smnls Jled 9 (r-Soe
aila il lgsse JSive sl Jo sl— .(VF) ol
59 Cemnglie mblgy 0l rac cuy b S 3L
Iy Blbl slacdl jl ol Sl sloa s iy
ool Cnylo o 158 S Ao (o ail able
3 e Job jo L acal a il callas g 5 sy
V) 098 358 i S5l 5l oy 5995

SRS

Jold cpr (S (6 mdudeds aul (rac cns o SO

[


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

a4 QLI......\L g a)Lc..i) i 09

e y=—e ML Ee

N 5l S 5 g el (a5 Qli_rlfg.—;,,.obgiglf S—
S o ailoe Sig eSS del 5 (el 5SS Jil
Ay oo 03e YO« a0y g0 ol slass o o
oslaul S 90 éjjﬁjs—hws—*ﬁﬁwuu“l‘"
Jasl ials g b jouST o) el g 0,5 o0 )3

dyshaal s S (i F 8 Sl (S o
(VY)Y 03 se JSie ailil LS 5 30,5 Ll 900y

Loy 5148 Wb (5850 059 L (9 55 S
Omre O L sl oo g 9o S Ll L o8
Jodoee JSb dm (iS5 b 0S8 Jlal o )be
O—Sig s 5,5 mS i L g 09-Bi 0 Bl (95 0
g g0 v ac 8l po i Sl ooyl
Lapl dan 4§ o sdila gl)ls boe s ls o
Colan el g oS o (6 St S S 4
Sl s=lagise o5l ol aBlinee i slogs)s
Logl 8,53 5 0 sla,ssl i (Il (St

(VF) g oo 3 Dlg—teas

ot ) sk e 0 S ile plaeds G
Oig—red = O Sl iy 05 o0 5 el
a4 (il 05 (6 gTozr Lamasdly 51 alyiion
Sl )s (S 0 JmoS b A |y 59 b
OIS e 09— o0 JoSiiS (5 b (aeVlggS 8
S Sz Gl (oS S b gl
Lle a4y (S ozn)ls il (S 0l Jslow
(Y9) o 1o (s p

Eguan 5 poudy

) 5w ) —gian laoy b sl
A —cgian dlgo (YY) il (55,0 (gmmac 0D (o
@bl o el gl Glo x5 4 b
3 )9 o S S s g (Sl sLa Sy 5l (rg
6)5_.‘0 u‘?—JQSA ‘) L_beo..‘l: u—)‘ J‘—’)"fs" )|)._$ oola
YY) oy JBlas oy el b aS o, 5 >lb
L o,S S 5 ,Rau L g oo 1y (egban slo ol
cdigd pltol pa Ly S 2 0,34 asie sla S

Josels ol by
9 O—Sgy a1l o Cewglan Ly Jo SIS sl L

|y ol lié oy ol g co eia Y ) oy
=S dga e el Aol 10 g da i oo ! 5l ey

JoSelS Ll Ly 550 39—in Sl S o

1]
]

Tor— 4 v Q—.’.‘ 3o (YY) Qg 0 UbJﬁl_.w Sg &5
e Lok ol 5l (=2

Sy

Glog—o8 S 5l d*—*“‘u—b o, syl
QM_")B‘ )_:l o9 »))_5‘5‘0 )l)_‘B oola__ul S )0 o
Jesmid Gl pgiegll ol 08,k 4 Lo jasls
Loy T ot (b ) Sy S5l g (ot Oomy
am Lol g 05 so (6 —andy 6u°3¢?5} F—S S
5P Je a5 (b g0 slaeslS 00— 5 A g
Sl @ y08 g el wl sl ol a6 it
Sl Jigpmme (V) anb oo iml¥l (S slasisn
Sl 9l g Johow S iS S (5 )90 4
ailes o oyl el IR U G JU- P VW] RPN
KR S (VW | &yLéu' 5 y—io 4O 3¢90 slro 0>

RUTTE=

SlaS el 6 adyn 5 Sy By GlgeS
Ol ot &iwgs ol Cws “ S &y guma Ml
Uil lnSai 0,5 adlol U s oty o LS
PH L oS Jotomo amy lad 5 (o5 —aza
95l (lade 5o (38l Ly Jdoiie (o (5
Slaad pclST 190" J5 90 il lw J5 &j50 any
Sl 7)1 S il 4 alitis Lame SO LSS Saels
Gl S oo Clem (955 (G TS ) 9 095 e
ObigimsS 4o Gl (eiVlgsS JLaiT L 5 Lagyg o8
Sliad ST 590 () 5 Sl il oo 2l
S (e Sl (e 53 el b ol em 4

(Vo) cul o,0,l5 5

32

ol 25 e Sosle Lol slmiaiing 5l oIS
iz Ly SO L Ll gocns L b,y V5l ol
‘:l)‘;.\.aL._m.u )| PR P W J.»_Lw.l @lad_..u C_u)Lo
QsA_.I)Q OLA;S_). l_|4_~9.¢:;:_| d)_]ojoég_a)_n.\.acb):u
5 pr=2 O3 Jgome PH agai Ly 09 g0 4y jo
T Sl Slogas siatlin Cogr Jsb
)90 =S 1ol 5 9y jmled jl Emles g (sl
Olg—ie Sz 00l 0,550 IS 0,8 o ) B oolai il
g_;}l—“" éw u_e[} ‘r'l.ibwou L_55l_’>- s 05_Llla

(V\—V\N) 05_...4‘59 OOJ_OlS a S

o] Sdgellen


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

ARt uL...ab Py o)[‘»ﬁ (ommia 09,

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

S 3 radsed (it o 65 1 Jg i b oo
(OY) oS god olzml oy yo

oy sl

45 st (laaiy (b g Lagetsn wd; gla,ysls
S e e D
Bz by, 5l il ol e s ooy A
5 e Dl 5l sladsSge da sl 0
ot copm] 50 0y (5l S8 ol 0y sl jgiST8
eSS el J S 0 ) (Slodzy 9 (Sl B (rae
ey 0 J=>0 sla gl 5l (bt glosl les o Jli]

(OF) 5iiS o syl s

Cld gren (iliSe Lo Sy ab) sl S
ety Ly bl 358 o558 asan AL i
30 Y Seatmes sl 53 058k Cuam 5 (2l
Gy = Sloo i S wlaass | Jo i en 4y (0F QD)
o S il 5 o, lagiSle Jisl sy gy
Jlasl S5 jo aculoas plodl ae w0 Loyl
loaiz 5l )l 4z LS @50 a0l Jloa
(d—oke (g 5l el 0y sla eS8 5l eoli ol
s o 1 eolawl 550 4551 590 9 ylo,s us ( JBU

(OF D5 BY) cs S

Sudg 599 slr,yesld

Lgl.a:)}‘lflé u|5_».cg.,\_79 (emaE i )0 ..\_.13) L;Ltb)slflé
Sds 9,55 55— TLnirds ig)eiia Loz 5l La sl
S99 951 5 T JLIS sla Sl 83, 5l gx—ie
(?) b)‘é S9—>9g f‘_r().o

L oyds 59,90

Loy 03y Lo S=s o—=boetsn Lacnds s,y
e—at Ay ;oS Jald a5 s e adlogl S VY
J(BDNF) e 3l oo o Su8g 59,9 9518 S(NGF)
walee IO s igys 5 (INT-3) ¥ (0 ds g o
8olgl> 5 P75 pl ay 0u S g9 90 Lniyudy g s
ot sl G (3l ales 53 9 9l 5S35
NT ¥/0 59, = Sladllas 4> 51T.(0A) auS o sLlasl |,
Sl i 5e—SB l 5l g ol o NT-3 51, 545
od— solarul od.ios_.,%_”;‘ PEYE SN olacl o 3 Sy 2
O NT-4 5lo (b ez 305 (Sl Sl ol
A8l awo 5 slayganST Sloas jo g Sl a8l
0) sl ous Cleacl ol o) Slae (o (6,5 0>

2 Neurotrophin

3 Glial cell line-derived neurotrophic factor
* Ciliary neurotrophic factor

5 Nerve growth factor

O Jssam 3o (ol Ly JoSl5 sl ly 0,5
5 Jol— Ss—z (o S5 e
Sl Jbo 5 S5l sladssse (05 ool
(FY) 09— g0 B—izmo Sl JBlo a o Jolw 3545

/vl S (L il SIS L
Sl S Sl S Sy

] S-S O PRI R L P PRI VRV R N S W C g
Al 1y ol S JgSls- oS- S oSy L S
30 39250 6yl (Gl dgu (T AY o (FY-YO)
Ngd oo g yand milr S game ay jendy A
pH — g_,_cl.s 9 00— O— uA_> W"b C:Ys_.am
N N e e

(FF) cnol s Jl8 ol

oL 9 WM Sl il (T 90T L
J—io — 9 — M Sl S| (S g oY
M Sl

Sl slac)ls g wiwn 5, dba 25 slo oy
CEY-F2) s tilo o 3L sl Lnyorly ool 5l oo
oz 3] il JISl ay 0 bl e oo o]
oSyl bty Lo g gl Lo as (—laJUS
5 pSol (FA) 9o il oa ;s ol ¢ L5
oS aBlal L ples e 1) Sl (S Lo S
O Sie Jl (S0l goa e slaarY

D)ol s

Jorm b

50 el sa S eslae ool b S Jg b
5 = o) Sl 5,1 3sle Laaiis; 5l (5 )l
Losg Sl (omae slocgy 6l () Sons ity
J—e ity e sl )l (e gloogn
SSdas Shol g s s (2l S o Laiyss
=l A Jom b sl ool ol (OV)- (et e
O Ay Sl (6 leo IS (g, Bole S (lgea
o B U5 5,5 oLl o1 (63, ol ol s
o (o 0Bl J 8 Jol (Sl Sj0 4
oyl 5l (il gyl oty 5 (Jobw Stz |l
5 60,5 bole G prod 4y 1S o Cmrla>
=57 S5l Sy Jorm (b Sl S8L (i
sl s o o slom!l gl wlio 80l g 0)l0
plodl ol s 3 b oo wl asre orac piw

¢ Brain-derived neurotrophic factor
" Neurotrophin-3
§ Neurotrophin-4/5

I


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

é;s_)_c ;4,_—“—3—@

a4 uLI......\Lu g a)Lc..i) i 09

(50 e 5 35 0 (smae i ;0 by ] B gla sk 5 by 59,58 Eleil ) Jgur

Orade a5

i £ )08 1Tl 2l g0

A oS

)3 ¢ e Bmld S5 oS el o
55 sl shas o Jls il S5 s
e saels S8 oS elaig ol e S S oy

Sy e Lt S5 i o0 sl 4 58 ot

st oy 35l

Ay glaygygl i iy
o ) ot Soda e o Sl

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

4S5 5 gladalo ioype (S
o Gl ity e sl S S slag) g .
) o Sy oSl 2l 6 T imdaey s
3y

e Sy ot e bl S S elaggn | o s STl lapy s S
’ : e s

a5 bl gla s (25 glvgyy 5 ety s Ay R

e

sl g iyl Sy Ly e cylin JU S
oS ase L8] g 5 Al - JUi
0o 448 /ML )dews)f o ] g.,_wL».A ..\_w)
ool ] pmae colin JUK o o L aayls

ol 00

IS I35 gl 30 iy Jonil L, 355
et Ll

c—ac o oad oloml AL (gg, a5 Sllllas (o
aS o baslive g ad Felxl ol ixo g Sl
oo [(sras 0 5951 (Golo (oras claa JUI
b g as ae colie JUE L awolio o S
Slone—uST e lw el e et by S
odd S aY lej jlahs F o ids 5l e Jls
3O emmas dby 5o CJled (S b a (YY) cl
b (g 29w Lado SVob S 4y (o e
—as Colie JU J.y.&lo)owacu)ﬂ_;flé Jsdzo
S O gm0 byl cmas aaa YA LS 5ol
(FF) el il aolol s 5 >

Gty &.u,o.wl S—=g5 ‘_gl_dsu.w 31 colasi—w!
)zbi'o

e Sdy g8 5956 Ginle) sl 099,55 5 s
S =l ype (hg—s sl cas Jao jo 3
P15 G o 5l Sl S ) Kol SsS oy
Ol 595 45 050 S samline Lo ] (F0) 0ss S Jate
a sl Sl 35U eac & wls o5 0 BDNF
T T Y 3Y 0 PSRRI C (g PO
o 50 (—bly ials JLas (yeje cegig ST 51 50
Ol Gaien slayigh ao bl el Al bl as g cud
2555 Lo a8 25 > laiygysh g 45 ol
loygSl S Gy Lo OlsSioe |y 9bog 00l (e
12 13 45 &,5b 4y GDNF 4 BDNF |t b5 5,50

? Single hollow lumen nerve guidance conduit
19 Boyd and Gordon

|

S gl 85 | Foilio b9 yi9y95 jo—iT
Ju5

5 g o il akie clacsl o La St o\l
Glacsl 5l m ity racye lacil o Lagl ol
by 55 ras phees )3 Sl (as
by e as i 0 5 laca g ]
Sas o ws B0 a3l pleb sl ol
e 5 S eelgs slggyes idelt 5o
s 5 (5155 (S 5 sLagy5 5 el el 5 (Sl
5 Sl 5 Slon sLoyg)9 1555 10 (e
Sl e (s i )0 (> Lo g)8
oo & o sk 10 Sl e S5 0 ()
e Sl el s Sl JLS isle (e
(V) ol 00l g S > slay ST

S0 Sy 59,98 He

5 LQQT by e is pB o ay Lo oS ol
SLppedSE Sle—ullly slaps,s 5l cmle>
55— ol BGa o gla Jolw o b a iS5 Se
5 Sl SRlSE lagss Jels
i )0 > SLy5)8 5 Sl sLaiyg)s
L2080 5 o—slomd loig)s (e (—ac
o ) (e 330 BB 10 S 5,ILE 5 S5 dsS
Sl ONTF a5’ Sl (F+) aib oo 655 0 (smaas
F =lme Ghge Sl cas ol 4 S Sy
S o= sk il ael ol 55 glaie
A%J)osv_mJM.oiﬁ}UwgoM‘
BFY) 0o S eS| oa s

a0 Ay eS8 JLa] gl 0 g0 slao pnl)
Si)ls o S am az g Lo e (ras
O gm0 Ay S,y 10 (g0, S0 STl Oglatie nac


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

yaa uL...)l; Py o)LQ.i] (ommia 09,

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

oy slaJssge JULaLl jue (g 530 = (S95 dw 929
JL.Q.,.:‘ (YY) d...;f‘so ol 6}—5)‘ PR SIORIS |)
Sk 3l (et i 4o (Hlojo Lo sSge peiinne
o9 Lo g Lo laglw aign 9 (V0) (Sl )l pimnn
slo 515 Uil 5 Jolw oigms 3l S 5 (VF)
8o pdelon (slois lon lsyd (sl SS9 59,95 0t
—ac sla gl ols a3l ol a SV cac
VYA ) d o il o

5 B G slady Sl b ol s 5,5
9> 4S5 (oI5 Jing 95 Jo g ST (b iz
Sl cmlis (e im0 D (uge la sl
slog b los g b)) lo, sl Ll
o sl ol e e Ay ar 0y oS
S—8959,95 Sl 5l (cmld (canio 00l Ay S
WS oo ol )8 il BL e Jolw a5 by LS
=S ol sl JomnrS =S o (g pdy slis
s 5 ol el 2l 5l 0 o ol
(B s Ay S5955 9 Sgll slo Jolow aTgn
S Dl 9S00 (el 095 s 59 (555 0
Cel o ol555 S sla ol (55, 0 00 oLl
A 5iS w1 lwdl NGF ailssy o sl U5 os
oaliiwl 390 55l 5 el (5o layo sl
s sl oyl ogdcay (VAL A-) Gd S I, s
=y 5 O )b )l Ol o Cgr GDNF i 5
Syl Ol sl sl grf}""‘-i—:-ésﬂﬁ)y JreLC
o, Sloe (59, 00 S o,y Sl 56 o, oo 4y ALS
CAYCAY) a8 5 )18 SOl Ol s S o590
sladslow jo (Sety Sl 1 ol SIS, S0
Sl NGF i 5« oan olje3 4 600 g S
2 00 agig ST L S5 ,0dsS slacys,e sl
Sy Slee Lad> g Ly g GDNF b5 5 (b9 o
Pl il o gaTsn A gl S5 ,ebes Loy
—as Solan JUI (YYAY) ail oo a b e
S5 o et i o) Gl DleTse
Al odalie bl Joa S 00,5 colaul
ol 3l et il e clan JUIS (S gy 45
P SIS Ay L (a5 bt o5 J s ST
slogewy 5 oleo sl gsbs as sl 5 aai
¥ 29,39, s BDNF Jl JSsite Ssgoul S5
=< ool gla v coud Sl dsla 05
5292 SBO—S | osa i Giol3dl Cel b oy s
sl209,5 ey s J—B b a5 Jlob—ul

AFOAD) ot jie 3L

S8l iy 00 00 )5 4 b Joel—w
(e

' Neurodegenerative

g oolaiwl 0l ) sl eiS1 51 ol 590 3,y L
6L-?)935Lé G Omimred o L )l Do Yeb o
e G Gy A 0 oS LSl el Jlie
NGF alyg; 5,5 = 5 )=l S 092 58 e
2 Sk e S s Jlyg o) SIS S
as J._.wl.:‘sn L)“’H SJ.:OMA_.MJT ;S.ul.._.w ——ac JJ_A
alex LV PA) 0 rac g 5 iml38l el NGF
oy Jes plmil &gy 5 o yle ol s o
)3 )l g Syl Sz g8 ey il sl
Ja._ws.: L)az_.w.c S)L)._J‘ l._.: (é_)LaS JLx_m‘ ‘QLA)Q )l [N 3}
Aol Jlailas 8 oS i g o&ul_..u—‘ 3,50 415l
(?V) é)j“é_a O‘)_o.(b

S )18 051328 &2 b 51 JUl

5,0a0 5l o, Lo g5l J sl gl ool 01) S
NGF ‘_;9[_> u—*—*—i’a)—*-'ﬁ ‘_gLQ ;)‘| ool o ‘)b
ot alia 3 1, e oy 2P 2B b
L oSiome e clan JUIS S 5l kil o s
o Loag)ls Juail b g ()l ity L 4z )b Sl
—=VgsS atgn Ly (cae colia JUI 5,0 L JS1o
)9_lo a4 ..\_...J) 6La)55b U’“"ﬁ) U_" B OH‘SA oolai_ul
|)_> "\"5_“"&5" Q‘)—‘ (—as u_:L.\.Q Jl_‘lf 5)‘5_30 )l ras‘..\_a
5,lem0 (g5, Gl Colw s 4y Lo a5 ol as
V) oslas 5 18

o yiasg o (52, 31 JUis

L S o B L 59,5 SzsS Sld by s
Y G-~ B SUN U] IR G YL ST GOSN W
Loy, 00 9 Pl B by e ymdyea
Juasl J=e ¢ JLasl jo Lg)_m.u_@Ua.u‘ Geb u,
e s pe g )P B le s A Ly
3 00 de e S NGF asla, (Jlo gl 0l I3
Ve S la]] g s (6 g oy i S
Sl oSl b iilgand b e sl e b SO
L) S r5nSTite 5 yiion Lo pd cdigB 00 485 )15 4y
e orosed Solo L oy S 45 (610 s oo

NQAD JUEEEEL SUD RN PV IR CLAW-J L4

Ay 0dd 4aS yhgy 90 il 4o

[


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

a4 QLI......\L g a)Lc..i) i 09

e y=—e ML Ee

ool wl g, Je (A+-F) s o plxl ar
ool o ipee Ole—ea pleb sladsl
dlmJﬁJ_w TS VRV SV SV S W T W ‘;l "N}

5 T Sel; 5 TSl TS gl (ol aie £ Y
)‘ g_?ﬁ_Jyl GLQJsl_“) 09_.».:‘50 oolaz__wl M_Bl) e
S o o sl o geaiad T a0y

Cmwd Ay SBwdy ol oo Loy g Jgil le
LSLAJﬁl—“’ )‘ oola ! u_J‘JJLJ ‘JJH‘SA OO)UW._:
adox 5l e sl Jolw a3 les e blE Ly ol
e N e ‘M‘}" ol LSLQJBl—“’
(A0-2AN) oﬁf‘;o )1)_.5 ul_m.c 4>gi S50 c_s“‘a“m

by ol b Jolw

5=bed Ol ol by, ool sladsl—
Camghadly (9,3 (ol 8095 5| 45 Al (glasils
Cedy b o b sl (ol a il po sy L,
2 4 el Sl g 009 (95 995 50 (G099l
ool gla sl 51 A3) 0o 1y iy 55 sk gos
—ras 80 p bl sloglon Gl o ly— ks,
(Ve ) s o oolitasl j yaslilT 5 ypmaisS oiile
ol sl Jolw o ils 5,50 Lg\oo)';_.mf Slaass
G5 o e pime Lo o Gleys S (b,
oty sla sl Ul 51l 55 S oL
e as pi Sl Gl o (b,
Sl ol gl (s b 5l (g el LBl
ol lads—w I Gt o9y slodgl 45
Bl gl el Gliiy ladglw (b,
e s pe S (oras latls o
s gl e 5305 JLiazol () e V-1 ¥ aiila
b Jolms ol 6=, 4 cmlao 5 (B sl SIS

(A szl
iy s g (—mas ol s ol
s g0l

‘_s_)ly = 6LQJ5J._‘» ‘Mu_..\.a.c ol— LgUbJﬁl_w
EsL 09 9 09r9— 9—ed S pled 0 45 ail
B a0l o Jolw (V) J.__—S)‘o 9—a>
bl (il ol ;IS5 (Thogacme gt (90 (orae
o s oy lge YL il s Jols gloil o
5 B ilejl el o Loyl cras oo, da sl 4y
= 9 e ) Lagl da sl (0l dijgie
Slado! L) (\ ‘&) Sl 00).5 M—SL) kS"wW B ool
e ao |y mae ol sl (oS oo (S5

S S8 )0 00l 4B eae sols sl Jolw

12 Autologous
13 Allogenic
14 Xenogeneic
15 Apligraft

]

il o) go Jlaws Sl > Jmmo 10 o Xigd o0 03lo
ol Gl S5 )l 095 sla ol il o 1
slacusgame 38 Setgil amo a> 51055 cod ol
slaplail g o ol 3l ool wl cge ojlo ) 595 ol>
Slass j0g dga e .l S0, s e 0l g
Lacusgase , S50 5 }_sj—gﬂi,leﬁ J-6 S ol slo gl
55 e a3 Sl e sl eolaul cge ot o
e gl sy =S e o lagee el et
20l pls e 8l LT g o ool wl 00w je b
c=eos) el Jlaizl 58 STS5e35 (Jobow a3l oolaiul
Jobw S (AP) 0,0 04> lojue o wgi a s o) g
as bl s i (V) :0Bb oo S ¥ slylo Joos|
U5 (1) (B Lo 355 35 2s pase 5 ] oo
SO sl a a1 o ol 5l ool o Jgi g , 5SS
sleJolw o) sl J8los a gl as o il o
Al 0 bl (el e 055 o d 5LS (g0 Sgn

(AY) ool S gl i 3ol e

e o5 )3 03l 859 slaJol—w 4 Lox ]
ool sladsb— ot glads— Jolt (o rae
Sty sla b o oae oot glo sl (b,
slesl 5 gormiilie ol o sl (s g0l
ls—ise ) sk asbioe VWl s ool
o lan mdge 3y 5 St 335 350 )
) Sl 5l oolai ] e 05 dign Cml >
TS S ile 5T el B 5 sl sl (imli8l cger
S pliize a9 )90 Jlmas (Jolow 9 )3 (ol

M AR 5,5

olg s Jgbw

i bl JLIS (ol s 5 ol (sla Jsl
5 sl )d (e A g WAl (e (v
clie Lo (03,5 pal B ol Loy 0 Shes
Wy Lo ygiSl ely il b dapyg ST o) 6l
sl ol s e oile oLaJsse el
Clos 5 ouileBly (e j9tansT (inal 5 G
il alezr slonus Gboys—nST lm s
el s Gy 53 Syt sl ol A5 s

16 Induced Pluripotent stem cell
17 Schwann cell

18 Embryonic stem cell

1 Neural stem cell


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

ARt uL...ab Py o)[‘»ﬁ (ommia 09,

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

Al Hle— s Jolw o San (VYANYA) 05,5 oo
u_.CL! ‘S_J‘)M JJH Sd.u)u.,_wi u_i;.)l.,._.w —al A

@l sl bwgi S85,39 )9 sl e Sl
Y YY) bb)_f‘so(rua&u_sb

SWI ol p gols s Jgluw

Silogs slaJglo 51 (Sl a5 ol slo Jslu
el slag) ole pinlBl o sb 5l g cdlg pud aiils
slays oo, Jlsd o (KIf4 5 Sox2 «c-Myc «Oct3/4)
Seilog sl Jolw 5l oslaiwl o] oo Cows 4 s
soliiwl S o 6 S sl s 585 e ) Jlew 095
o sl pls e o ey oot sla sl
Olsn ol ladsls 5l Bt (e i ool
YY) o ibco y 550yl (ae o)y, ol
sladgw 4 (oras i olon slaob— 7ol
s S e g plee SS L Sl et
T 09— b Jdo A 00, 5 o e nac
bz )0 b sloss 9 Ols—b sl sl
b e (orae a3t gla sl (oS

A 2algo Bl (margn 53 ool ol (sl

(omae o3l wleuidee (glwil el
e DS Smlae jbaieds e slacy)ls
ool (oS58 el 3l 0lial U ol Ly i
38 el SO0 sagscaw] cdl same Jlas! gl
cmas 3-890 ezl o) (ml 5l (B (Sl 85l
= odhe a8 Cowl ool wdige slacn)ls sl
ST slaaler o) sl (Sl Sloiiy 4 Sy
T O LY, [COUT- PR U6 . ] IRV, SN U
S S (o S o oSl i ]
S & G9ST o)y by ie coin (sl 1) (S35
5 ol e el B e Sl
odmzry lasly) 5l (Bdls Jol> mas g o
5 o T b slasse do ol (e
o oo lidd Hladsd waled ol alh ) sl Sl
Sl i ity oilays i, S esliil 45
3 o) 31l aaly ogllan At lagme ol
S sleolaiul b cras piwgn S8l wiige
el jebiea Sl Lo Sug, 3" N s
] [N SO S VN PN VY SURIW) [Py gL |
et Slyo g STl slac o gLin Ss allio
g b ol izmen dac )l el jo ool wl 55
as Slals Loy jolateay cwlio 0b) sla )25

235 S adlace sjs e g (o) 2

20 Neural stem progenitor cell
2l Mesenchymal stem cell
22 Protein drug

e g &5 B esliiul s )90 955 D50
=l aile cnylo e ilS o Az VY b Jolw ol
Jedlo (g 50 &S Lo o yo o Jolow ol a S alosls
Gl (oae 80 el slagyleny 500 9 59 Sl

PUUIWORIR SISV S N EUC TR WV UURY- P9y PN S
by il o (x5 b 655 e (e
YIS s d e (V- VY ) il sl
el =l OV ) st e s OLb
5o oldolass g .A.;.an Cwd dny iz g &b 655
PO [ B EV- U QU ] FpP R Y | LA S S
l_1 u‘_>‘).> )l_'go as gr"?"‘" 6L®JM 4 LmJeLw
SSOlis a0 00l (635 o (el i O (S Lo
sl yo —mae ool jw o sl Jol—w —lles
(S3S yo (el i )0 ol gl Sha 5ol
B &b a0l sl i sl ol (VVE
sl 3l 608 la PR | e Ay A S
s ONVACVYA) ayls i eae ol 5w iy
by ] dny o (9,8 )0 GaSsm b ol o
ol sla s Jogmd OV VYY) ol o 5led
S, Sloe 05y ioli8l el o, sla,sSB g ABC
s olb Szl Lzoa s Lrﬂ)m ORg— O
51 @b STABC Lty jais s )5 g oo (e
3 35290 QS 959 5 Sl idg ST 03
Ly ol oo o Job 0, Shos 09— 9 JLL 1]

YY) ‘)‘—‘SLS" ools] g ‘5‘)_9

ol 3o ol (sl Jolw

L olseal e M peiilie ol slaslw
ol sloJslus oyl 5ia Jlog iasl (sl ol
S8 lsgianl e Jlog il (ite jo aS aiiva Sy
OYTNYE) 0isS o sy (65l 5l 5 ol 5
ol ) Syl gor—iilie ol ool
ol 5 i il sy el sy Jy Sl il
sl olly a Lo 51 (VYY) Syl G A U NS
slashw am oled Jolod (goniilye ol sla sl
bl oz olgs ;K0 ady sl iS5 xd 5 wailo
s o)l Jmsms sl )l plseas Js e
S8 ookl o 50 i (505 40 9 WoBse 03 )54

I


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

v uL......\Lu g a)Lc..i) Gomiiad W )9

1. Noble J, Munro Ca, Prasad Vs, Midha Rjjot, Surgery
Ac. Analysis of upper and lower extremity peripheral
nerve injuries in a population of patients with multiple
injuries. J Trau Acute Care. 1998; 45(1): 116-22.

2. Artico M, Cervoni L, Nucci F, Giuffre Rjn. Birthday
of peripheral nervous system surgery: the contribution
of Gabriele Ferrara (1543—1627). Neurosurgery. 1996;
39(2): 380-3.

3. Battiston B, Papalia I, Tos P, Geuna Sjiron. Peripheral
nerve repair and regeneration research: a historical note.
Int Rev Neurobiol. 2009; 87: 1-7.

4. Lee B, Cripps R, Fitzharris M, Wing PJSc. The global
map for traumatic spinal cord injury epidemiology:
update 2011, global incidence rate. Spinal Cord. 2014;
52(2): 110-6.

5. Wang Y, Tan H, Hui XJBri. Biomaterial scaffolds
in regenerative therapy of the central nervous system.
Biomed Res Int. 2018; 2018.

6. Gu X, Ding F, Yang Y, Liu J. Tissue engineering in
peripheral nerve regeneration. Neural Regeneration:
Elsevier; 2015. p. 73-99.

7. Schmidt CE, Leach JBJArobe. Neural tissue
engineering: strategies for repair and regeneration. Annu
Rev Biomed Eng. 2003; 5(1): 293-347.

8. Raz A, Perouansky M. Central nervous system
physiology: neurophysiology. Pharmacology and
Physiology for Anesthesia: Elsevier. 2019; p. 145-73.

9. Trumble TE, Shon FGJHc. The physiology of nerve
transplantation. Hand Clin. 2000; 16(1): 105-22.

10. Platt JL, Vercellotti GM, Dalmasso AP, Matas AJ,
Bolman RM, Najarian JS, et al. Transplantation of
discordant xenografts: a review of progress. Immunol
Today. 1990; 11)12): 450-6.

11. Evans PJ, Midha R, Mackinnon SEJPin. The
peripheral nerve allograft: a comprehensive review of
regeneration and neuroimmunology. Prog Neurobiol.
1994; 43(3): 187-233.

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

13. Johnson EO, Soucacos PNIJI. Nerve repair:
experimental and clinical evaluation of biodegradable

artificial nerve guides. Injury. 2008; 39(3): 30-6.

14. Stang F, Keilhoff G, Fansa HIM. Biocompatibility

1]
[

of different nerve tubes. Materials. 2009; 2(4): 1480-507.

15. Meek MEF, Coert JH. US food and drug administration/
conformit europe-approved absorbable nerve conduits for
clinical repair of peripheral and cranial nerves. Ann Plast
Surg. 2008; 60(1): 110-6.

16. Deng M, Chen G, Burkley D, Zhou J, Jamiolkowski
D, Xu Y, et al. A study on in vitro degradation behavior
of a poly (glycolide-co-L-lactide) monofilament. Acta
Biomater. 2008; 4(5): 1382-91.

17. de Ruiter GC, Malessy MJ, Yaszemski MJDesigning
ideal conduits for peripheral nerve repair. Neurosurg
Focus. 2009; 26(2): ES.

18. She Z, Zhang B, Jin C, Feng Q, Xu Y. Preparation
and in vitro degradation of porous three-dimensional silk
fibroin/chitosan scaffold. Polym Degrad Stabil. 2008;
93(7): 1316-22.

19. Zhao Q, Dahlin LB, Kanje M, Lundborg G Repair of
the transected rat sciatic nerve: matrix formation within
implanted silicone tubes. Restor Neurol Neurosci. 1993;
5(3): 197-204.

20. Abdolmaleki A, Ghayour MB, Zahri S, Asadi A,
Behnam-Rassouli M. Preparation of acellular sciatic
nerve scaffold and it’s mechanical and histological
properties for use in peripheral nerve regeneration.
Tehran University Medical Journal TUMS Publications.
2019; 77(2): 115-22.

21. Millesi H, Zéch G, Reihsner RJCo, Research R.
Mechanical properties of peripheral nerves. Clin Orthop
Relat Res. 1995; (314): 76-83.

22. Hollister SJ. Porous scaffold design for tissue
engineering. Nat Mater. 2005; 4(7): 518-24.

23. Ahmed Z, Underwood S, Brown RITE. Nerve guide
material made from fibronectin: assessment of in vitro
properties. Tissue Eng. 2003; 9(2): 219-31.

24. Zhang Y-G, Huang J-H, Hu X-Y, Sheng Q-S, Zhao
W, Luo Z-JJPO. Omentum-wrapped scaffold with
longitudinally oriented micro-channels promotes axonal
regeneration and motor functional recovery in rats. PLoS
One. 2011; 6(12): €29184.

25. Jiang X, Lim SH, Mao H-Q, Chew SYJEn. Current
applications and future perspectives of artificial nerve
conduits. Exp Neurol. 2010; 223(1): 86-101.

26. Vasita R, Katti DS. Nanofibers and their applications
in tissue engineering. Int J Nanomedicine. 2006; 1(1):
15-30.


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

ARt uL...ab Py o)[‘»ﬁ (ommia 09,

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

27. Snigdha S ST, Radhakrishnan EK. Polymer based
tissue engineering strategies for neural regeneration. Adv
Tissue Eng Regen Med Open Access. 2017; 2(1): 1-6.

28. Lee KY, Mooney DJJPips. Alginate: properties and
biomedical applications. Prog Polym Sci. 2012; 37(1):
106-26.

29. Shahriari D, Koffler J, Lynam DA, Tuszynski MH,
Sakamoto JS. Characterizing the degradation of alginate
hydrogel for use in multilumen scaffolds for spinal cord
repair. ] Biomed Mater Res A. 2016; 104(3): 611-9.

30. 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.

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

32. Barati DP, Roshanaei K, Sahab NS, Aligholi H,
Alipour F, Darvishi M. Functional role of natural and
synthetic scaffolds in tissue engineering of central
nervous system. Shefaye Khatam. 2016; 4(1): 92-77

33. Gamez E, Goto Y, Nagata K, Iwaki T, Sasaki T,
Matsuda TJCt. Photofabricated gelatin-based nerve
conduits: nerve tissue regeneration potentials. Cell
Transplant. 2004; 13(5): 549-64.

34. 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.

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

36. Ghayour MB, Abdolmaleki A, Fereidoni M. Role
of extracellular matrix in peripheral nerve regeneration
process. RIMS. 2015; 22(135): 75-88.

37. Subramanian A, Krishnan UM, Sethuraman SJJobs.
Development of biomaterial scaffold for nerve tissue
engineering: Biomaterial mediated neural regeneration.
J Biomed Sci. 2009; 16(1): 108. doi: 10.1186/1423-
0127-16-108.

38. Elbert DL, Hubbell JAJB. Conjugate addition
reactions combined with free-radical cross-linking
for the design of materials for tissue engineering.
Biomacromolecules. 2001; 2(2): 430-41.

39. Peppas NA, Keys KB, Torres-Lugo M, Lowman
AMlJocr. Poly (ethylene glycol)-containing hydrogels
in drug delivery. J Control Release. 1999; 62(1-2): 81-7.

40. Nguyen KT, West JLIB. Photopolymerizable
hydrogels for tissue engineering applications.
Biomaterials. 2002; 23(22): 4307-14.

41. Burdick JA, Ward M, Liang E, Young MJ, Langer
RJB. Stimulation of neurite outgrowth by neurotrophins
delivered from degradable hydrogels. Biomaterials.
2006; 27(3): 452-9.

42. Pierluigi T, Alessandro C, Igor P, Luigi V, Davide
P, Stefano G,, et al. Efficacy of anti-adhesion gel of
carboxymethylcellulose with polyethylene oxide on
peripheral nerve:experimental results on a mouse mode.
Muscle Nerve. 2016; 53(2): 304-9.

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

44. Gunatillake PA, Adhikari RJIECM. Biodegradable
synthetic polymers for tissue engineering. Eur Cell
Mater. 2003; 5(1): 1-16.

45. Nomura H, Tator CH, Shoichet MSJJon.
Bioengineered strategies for spinal cord repair. J
Neurotrauma.  2006;  23(3-4):  496-507.

46. Zheng Jun Lv, Yang L, Hui M, Zhi QL, Jian Hui
G, Jing L. Effects of multiwalled carbon nanotubes
on electrospun poly (lactide-co-glycolide)-based
nanocomposite scaffolds on neural cells proliferation.
J Biomed Mater Res B Appl Biomater. 2016; 105(5):
934-43.

47. Nomura H, Katayama Y, Shoichet MS, Tator CHJN.
Complete spinal cord transection treatedby implantation
of a reinforced synthetic hydrogel channel results in
syringomyelia and caudal migration of the rostral stump.
Neurosurgery. 2006; 59(1): 183-92.

48. Tsai EC, Dalton PD, Shoichet MS, Tator CH.
Matrix inclusion within synthetic hydrogel guidance
channels improves specific supraspinal and local axonal
regeneration after complete spinal cord transection.
Biomaterials. 2006; 27(3): 519-33.

49. Tsai EC, Dalton PD, Shoichet MS, Tator CH. Synthetic
hydrogel guidance channels facilitate regeneration of
adult rat brainstem motor axons after complete spinal
cord transection. J Neurotrauma. 2004; 21(6): 789-804.

50. Carone TW, Hasenwinkel JM, The Japanese society

I


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

v uL......\Lu g a)Lc..i) Gomiiad W )9

Sosr—= dlza

for biomaterials, biomaterials TASf, biomaterials
tKSf. mechanical and morphological characterization
of homogeneous and bilayered poly (2-hydroxyethyl
methacrylate) scaffolds for use in CNS nerve
regeneration. J Biomed Mater Res B Appl Biomater.
20006; 78(2): 274-82.

51. Hajj Hassan M, Chodavarapu V, Musallam SJS.
NeuroMEMS: neural probe microtechnologies. Sensors.
2008; 8(10): 6704-26.

52. Ghasemi-Mobarakeh L, Prabhakaran MP, Morshed
M, Nasr-Esfahani MH, Baharvand H, Kiani S, et al.
Application of conductive polymers, scaffolds and
electrical stimulation for nerve tissue engineering. J
Tissue Eng Regen Med. 2011; 5(4): el7-e35.

53. Terenghi G. Peripheral nerve regeneration and
neurotrophic factors. J Anat. 1999; 194(1): 1-14.

54, Pfister LA, Papaloizos M, Merkle HP, Gander B.
Nerve conduits and growth factor delivery in peripheral
nerve repair. J Peripher Nerv Syst. 2007; 12(2): 65-82.

55. Tayalia P, Mooney DJ. Controlled growth factor
delivery for tissue engineering. Adv Mater. 2009;
21(32-33):  3269-85.

56. Chalfoun C, Wirth G, Evans G. Tissue engineered
nerve constructs: where do we stand? J Cell Mol Med.
2006; 10(2): 309-17.

57. Taylor SJ, Rosenzweig ES, McDonald III JW,
Sakiyama-Elbert SE. Delivery of neurotrophin-3 from
fibrin enhances neuronal fiber sprouting after spinal cord
injury. J Control Release. 2006; 113(3): 226-35.

58. Khaksar Z, Morovvati H, Moradi HR, Negah SS.
The role of extracellular matrix in myelination and
oligodendrogenesis of the central nervous system.
Shefaye Khatam. 2019; 7(2):66-82

59. Yin Q, Kemp GJ, Yu LG, Wagstaff SC, Frostick
SP. Neurotrophin-4 delivered by fibrin glue promotes
peripheral nerve regeneration. Muscle Nerve. 2001;
24(3): 345-51.

60. Siegel GJ. Basic neurochemistry: molecular, cellular
and medical aspects. 6" ed. Philadelphia: Lippincott-
Raven; 1999.

61. Fine EG, Decosterd I, Papaloizos M, Zurn AD,
Acbischer P. GDNF and NGF released by synthetic
guidance channels support sciatic nerve regeneration
across a long gap. Eur J Neurosci. 2002; 15(4): 589-601.

62. Sahenk Z, Seharaseyon J, Mendell JR. CNTF
potentiates peripheral nerve regeneration. Brain Res.
1994; 655(1-2): 246-50.

1]
[

63. Rich KM, Alexander TD, Pryor JC, Hollowell JP.
Nerve growth factor enhances regeneration through
silicone chambers. Exp Neurol. 1989; 105(2): 162-70.

64. Bu SS, Li JR, Hu CZ, Zhao YF. The influence of
exogenous nerve growth factor on inferior alveolar nerve
regeneration in silicone tubes. Chin J Dent Res. 1999;
2(3-4): 44-8.

65. Boyd J, Gordon T. A dose-dependent facilitation and
inhibition of peripheral nerve regeneration by brain-
derived neurotrophic factor. Eur J Neurosci. 2002; 15(4):
613-26.

66. Boyd J, Gordon T. Glial cell line-derived neurotrophic
factor and brain-derived neurotrophic factor sustain
the axonal regeneration of chronically axotomized
motoneurons in vivo. Exp Neuro. 2003; 183(2): 610-9.

67. Santos X, Rodrigo J, Hontanilla B, Bilbao G.
Evaluation of peripheral nerve regeneration by nerve
growth factor locally administered with a novel system. J
Neurosci Methods. 1998; 85(1): 119-27.

68. Santos X, Rodrigo J, Hontanilla B, Bilbao G.
Local administration of neurotrophic growth factor
in subcutaneous silicon chambers enhances the
regeneration of the sensory component of the rat sciatic
nerve. Microsurgery. 1999; 19(6): 275-80.

69. Whitworth I, Brown R, Dore C, Anand P, Green
C, Terenghi G. Nerve growth factor enhances nerve
regeneration through fibronectin grafts. J Hand Surg.
1996; 21(4): 514-22.

70. Yang Y, Zhao W, He J, Zhao Y, Ding F, Gu X. Nerve
conduits based on immobilization of nerve growth factor
onto modified chitosan by using genipin as a crosslinking
agent. Eur J Pharm Biopharm. 2011; 79(3): 519-25.

71. Benoit J-P, Faisant N, Venier-Julienne M-C, Menei P.
Development of microspheres for neurological disorders:
from basics to clinical applications. J Control Release.
2000; 65(1-2): 285-96.

72. Xu X, Yu H, Gao S, Mao H-Q, Leong KW, Wang
S. Polyphosphoester microspheres for sustained release
of biologically active nerve growth factor. Biomaterials.
2002; 23(17): 3765-72.

73. Xu X, Yee W-C, Hwang PY, Yu H, Wan AC, Gao S, et
al. Peripheral nerve regeneration with sustained release
of poly (phosphoester) microencapsulated nerve growth
factor within nerve guide conduits. Biomaterials. 2003;
24(13): 2405-12.

74. Tan SA, Aebischer P. The problems of delivering
neuroactive molecules to the CNS. Gregory R. Bock,
Jamie A. Growth factors as drugs for neurological and


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

yaa uL...)l; Py o)LQ.i] (ommia 09,

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

sensory disorders. 1996;p. 211-36.

75. Haller MF, Saltzman WM. Nerve growth factor
delivery systems. J Control Release. 1998; 53: 1-6.

76. Starr PA, Wichmann T, van Horne C, Bakay RA.
Intranigral transplantation of fetal substantia nigra
allograft in the hemiparkinsonian rhesus monkey. Cell
Transplant. 1999; 8(1): 37-45.

77. Sautter J, Tseng J, Braguglia D, Aebischer P, Spenger
C, Seiler R, et al. Implants of polymer-encapsulated
genetically modified cells releasing glial cell line-
derived neurotrophic factor improve survival, growth,
and function of fetal dopaminergic grafts. Exp Neurol.
1998; 149(1): 230-6.

78. Tuszynski MH, Weidner N, McCormack M, Miller
I, Powell H, Conner J. Grafts of genetically modified
Schwann cells to the spinal cord: survival, axon growth,
and myelination. Cell Transplant. 1998; 7(2): 187-96.

79. Emerich DF, Hammang JP, Baetge EE, Winn SR.
Implantation of polymer-encapsulated human nerve
growth factor-secreting fibroblasts attenuates the
behavioral and neuropathological consequences of
quinolinic acid injections into rodent striatum. Exp
Neurol. 1994; 130(1): 141-50.

80. Kordower JH, Winn SR, Liu Y-T, Mufson EJ,
Sladek JR, Hammang JP, et al. The aged monkey basal
forebrain: rescue and sprouting of axotomized basal
forebrain neurons after grafts of encapsulated cells
secreting human nerve growth factor. Proc Natl Acad
Sci. 1994; 91(23): 10898-902.

81. Lindner MD, Winn SR, Baetge E, Hammang JP,
Gentile FT, Doherty E, et al. Implantation of encapsulated
catecholamine and GDNF-producing cells in rats
with unilateral dopamine depletions and parkinsonian
symptoms. Exp Neuro. 1995; 132(1):62-76

82. Aebischer P, Schluep M, Déglon N, Joseph J-M, Hirt
L, Heyd B, et al. Intrathecal delivery of CNTF using
encapsulated genetically modifiedxenogeneic cells in

amyotrophic lateral sclerosis patients. Nat Med. 1996;
2(6): 696-9.

83. Winn SR, Hammang JP, Emerich DF, Lee A, Palmiter
RD, Baetge EE. Polymer-encapsulated cells genetically
modified to secrete human nerve growth factor promote
the survival of axotomized septal cholinergic neurons.
Proc Natl Acad Sci. 1994; 91(6): 2324-8.

84. Xu XM, Guénard V, Kleitman N, Aebischer P,
Bunge MB. A combination of BDNF and NT-3 promotes
supraspinal axonal regeneration into Schwann cell
grafts in adult rat thoracic spinal cord. Exp Neuro. 1995;
134(2): 261-72.

85. Babensee JE, Mclntire LV, Mikos AG. Growth factor
delivery for tissue engineering. Pharm Res. 2000; 17(5):
497-504.

86. Sensharma P, Madhumathi G, Jayant RD, Jaiswal
AK. Biomaterials and cells for neural tissue engineering:
current choices. Mater Sci Eng C. 2017; 77: 1302-15.

87. Shoichet Slpbgbmdmjem S. Principles of regenerative
medicine. 3" ed. 2019; p. 1199-221.

88. Jesuraj NJ, Santosa KB, Macewan MR, Moore AM,
Kasukurthi R, Ray WZ, et al. Schwann cells seeded
in acellular nerve grafts improve functional recovery.
Muscle Nerve. 2014; 49(2): 267-76.

89. Ghayour MB, Abdolmaleki A, Fereidoni M. Use
of stem cells in the regeneration of peripheral nerve
injuries: an overview. Shefaye Khatam. 2015; 3(1): 84-
98.

90. Khataokar A, Skop N, Kim H, Pfister B, Cho CH.
Development of schwann cell-seeded conduit using
chitosan-based biopolymers for nerve repair. 36th Annual
Northeast Bioengineering Conference (NEBEC). 2010.

91. Guenard V, Kleitman N, Morrissey T, Bunge R,
Aebischer P. Syngeneic schwann cells derived from
adult nerves seeded in semipermeable guidance channels
enhance peripheral nerve regeneration. J Neurosci. 1992;
12(9): 3310-20.

92. Rodriguez FJ, Verdt E, Ceballos D, Navarro X. Nerve
guides seeded with autologous Schwann cells improve
nerve regeneration. Exp Neurol. 2000; 161(2): 571-84.

93. Mosahebi A, Woodward B, Wiberg M, Martin R,
Terenghi G. Retroviral labeling of Schwann cells: in vitro
characterization and in vivo transplantation to improve
peripheral nerve regeneration. Glia. 2001; 34(1): 8-17.

94. Li X, Gonias SL, Campana WM. Schwann cells
express erythropoietin receptor and represent a major
target for Epo in peripheral nerve injury. Glia. 2005;
51(4): 254-65.

95. Ding F, Wu J, Yang Y, Hu W, Zhu Q, Tang X, et al.
Use of tissue-engineered nerve grafts consisting of a
chitosan/poly (lactic-co-glycolic acid)-based scaffold
included with bone marrow mesenchymal cells for
bridging 50-mm dog sciatic nerve gaps. Tissue Eng Part
A. 2010; 16(12): 3779-90.

96. Yang Y, Yuan X, Ding F, Yao D, Gu Y, Liu J, et al.
Repair of rat sciatic nerve gap by a silk fibroin-based
scaffold added with bone marrow mesenchymal stem
cells. Tissue Eng Part A. 2011; 17(17-18): 2231-44.

97. Xue C,HuN, Gu Y, Yang Y, Liu Y, Liu J, et al. Joint

I
[


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

v uL......\Lu g a)Lc..i) Gomiiad W )9

é;s_)_c ;4,_—“—3—&

use of a chitosan/PLGA scaffold and MSCs to bridge an
extra large gap in dog sciatic nerve. Neurorehabil Neural
Repair. 2012; 26(1): 96-106.

98. Hu N, Wu H, Xue C, Gong Y, Wu J, Xiao Z, et
al. Long-term outcome of the repair of 50 mm long
median nerve defects in rhesus monkeys with marrow
mesenchymal stem cells-containing, chitosan-based

tissue engineered nerve grafts. Biomaterials. 2013;
34(1): 100-11.

99. Jakob H. Stem cells and embryo-derived cell lines:
tools for study of gene expression. Cell Differentiation.
1984; 15(2-4): 77-80.

100. Rodrigues MCO, Rodrigues AA, Glover LE,
Voltarelli J, Borlongan CV. Peripheral nerve repair with
cultured schwann cells: getting closer to the clinics. Sci
World J. 2012; 2012. doi: 10.1100/2012/413091

101. Cui L, Jiang J, Wei L, Zhou X, Fraser JL, Snider BJ,
et al. Transplantation of embryonic stem cells improves
nerve repair and functional recovery after severe sciatic
nerve axotomy in rats. Stem Cells. 2008; 26(5): 1356-
65.

102. Yohn DC, Miles GB, Rafuse VF, Brownstone
RM. Transplanted mouse embryonic stem-cell-derived
motoneurons form functional motor units and reduce
muscle atrophy. J Neurosci. 2008; 28(47): 12409-18.

103. Craff MN, Zeballos JL, Johnson TS, Ranka MP,
Howard R, Motarjem P, et al. Embryonic stem cell—
derived motor neurons preserve muscle after peripheral
nerve injury. Plast Reconstr Surg. 2007; 119(1): 235-45.

104. Gokhan S, Mehler MF. Basic and clinical
neuroscience applications of embryonic stem cells. Anat
Rec. 2001; 265(3): 142-56.

105. Alessandri G, Emanueli C, Madeddu P. Genetically
engineered stem cell therapy for tissue regeneration.
Ann N'Y Acad Sci. 2004; 1015(1): 271-84.

106. Heine W, Conant K, Griffin JW, Hoke A.
Transplanted neural stem cells promote axonal
regeneration through chronically denervated peripheral
nerves. Exp Neuro. 2004; 189(2): 231-40.

107. Xiong Y, Zeng Y-S, Zeng C-G, Du B-l, He L-M,
Quan D-P, et al. Synaptic transmission of neural stem cells
seeded in 3-dimensional PLGA scaffolds. Biomaterials.
2009; 30(22): 3711-22.

108. Guo B-F, Dong M-M. Application of neural stem
cells in tissue-engineered artificial nerve. Otolaryngol.
Head Neck Surg. 2009; 140(2): 159-64.

-

109. Chiasson BJ, Tropepe V, Morshead CM, Van Der
Kooy D. Adult mammalian forebrain ependymal and
subependymal cells demonstrate proliferative potential,
but only subependymal cells have neural stem cell
characteristics. J Neurosci. 1999; 19(11): 4462-71.

110. Morshead CM, Reynolds BA, Craig CG, McBurney
MW, Staines WA, Morassutti D, et al. Neural stem cells
in the adult mammalian forebrain: a relatively quiescent

subpopulation of subependymal cells. Neuron. 1994;
13(5): 1071-82.

111. Kuhn HG, Dickinson-Anson H, Gage FH.
Neurogenesis in the dentate gyrus of the adult rat: age-
related decrease of neuronal progenitor proliferation. J
Neurosci. 1996; 16(6): 2027-33.

112. Palmer TD, Takahashi J, Gage FH. The adult rat
hippocampus contains primordial neural stem cells. Mol
Cell Neurosci. 1997; 8(6): 389-404.

113. Horner PJ, Power AE, Kempermann G, Kuhn
HG, Palmer TD, Winkler J, et al. Proliferation and
differentiation of progenitor cells throughout the intact
adult rat spinal cord. J Neurosci. 2000; 20(6): 2218-28.

114. Weiss S, Dunne C, Hewson J, Wohl C, Wheatley
M, Peterson AC, et al. Multipotent CNS stem cells
are present in the adult mammalian spinal cord and
ventricular neuroaxis. J Neurosci. 1996; 16(23): 7599-
609.

115. Bambakidis NC, Wang R-Z, Franic L, Miller RH.
Sonic hedgehog-induced neural precursor proliferation
after adult rodent spinal cord injury. J Neurosurg Spine.
2003; 99(1): 70-5.

116. Ben-Hur T, Einstein O, Mizrachi-Kol R,
Ben-Menachem O, Reinhartz E, Karussis D, et al.
Transplanted multipotential neural precursor cells
migrate into the inflamed white matter in response to

experimental autoimmune encephalomyelitis. Glia.
2003; 41(1): 73-80.

117. Ishibashi S, Sakaguchi M, Kuroiwa T, Yamasaki
M, Kanemura Y, Shizuko I, et al. Human neural stem/
progenitor cells, expanded in long-term neurosphere
culture, promote functional recovery after focal
ischemia in mongolian gerbils. J Neurosci Res. 2004;
78(2): 215-23.

118. Fricker-Gates RA, Shin JJ, Tai CC, Catapano LA,
Macklis JD. Late-stage immature neocortical neurons
reconstruct interhemispheric connections and form
synaptic contacts with increased efficiency in adult
mouse cortex undergoing targeted neurodegeneration. J
Neurosci. 2002; 22(10): 4045-56.


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html

yaa uL...)l; Py o)LQ.i] (ommia 09,

[ Downloaded from shefayekhatam.ir on 2026-02-13 ]

[ DOI: 10.29252/shefa.8.3.80 ]

119. Nakagomi N, Nakagomi T, Kubo S, Nakano-Doi
A, Saino O, Takata M, et al. Endothelial cells support
survival, proliferation, and neuronal differentiation
of transplanted adult ischemia-induced neural stem/
progenitor cells after cerebral infarction. Stem Cells.
2009; 27(9): 2185-95.

120. Dziewczapolski G, Lie D, Ray J, Gage F, Shults
C. Survival and differentiation of adult rat-derived
neural progenitor cells transplanted to the striatum of
hemiparkinsonian rats. Exp Neurol. 2003; 183(2): 653-64.

121. Herrera DG, Garcia-Verdugo JM, Alvarez-Buylla
A. Adult-derived neural precursors transplanted into
multiple regions in the adult brain. Ann Neurol. 1999;
46(6): 867-717.

122. Karimi-Abdolrezaee S, Eftekharpour E, Wang J,
Schut D, Fehlings MG. Synergistic effects of transplanted
adult neural stem/progenitor cells, chondroitinase, and
growth factors promote functional repair and plasticity
of the chronically injured spinal cord. J Neurosci. 2010;
30(5):1657-76.

123. Abdallah B, Kassem M. Human mesenchymal stem
cells: from basic biology to clinical applications. Gene
Ther. 2008; 15(2): 109-16.

124. Phinney DG, Prockop DJ. Concise review:
mesenchymal stem/multipotent stromal cells: the state
of transdifferentiation and modes of tissue repair-current
views. Stem Cells. 2007; 25(11): 2896-902.

125. Bianco P, Riminucci M, Gronthos S, Robey PG.
Bone marrow stromal stem cells: nature, biology, and
potential applications. Stem Cells. 2001; 19(3): 180-

92.

126. Deryugina E, Miiller-Sieburg C. Stromal cells
in long-term cultures: keys to the elucidation of
hematopoietic development? Crit Rev Immunol. 1993;
13(2): 115-50.

127.Brun P, Cortivo R, Zavan B, Vecchiato N, Abatangelo
G. In vitro reconstructed tissues on hyaluronan-based
temporary scaffolding. J Mater Sci: Mater Med. 1999;
10(10-11): 683-8.

128.  Horwitz E, Dominici M. How do
mesenchymal stromal cells exert their therapeutic
benefit?  Cytotherapy. 2008; 10(8): 771-4.

129. Keilhoff G, Fansa H. Mesenchymal stem cells for
peripheral nerve regeneration-a real hope or just an
empty promise? Exp Neurol. 2011; 232(2): 110-3.

130. Chopp M, Li Y. Treatment of neural injury with
marrow stromal cells. Lancet Neurol. 2002; 1(2): 92-100.

131. Chopp M, Zhang XH, Li Y, Wang L, Chen J, Lu
D, et al. Spinal cord injury in rat: treatment with bone
marrow stromal cell transplantation. Neuroreport. 2000;
11(13): 3001-5.

132. Gu Y, Wang J, Ding F, Hu N, Wang Y, Gu X
Neurotrophic actions of bone marrow stromal cells
on primary culture of dorsal root ganglion tissues and
neurons. J Mol Neurosci. 2010; 40(3): 332-41.

133. Lee Y-S, Livingston Arinzeh T. Electrospun

nanofibrous materials for neural tissue engineering.
Polymers. 2011; 3(1): 413-26.

I


http://dx.doi.org/10.29252/shefa.8.3.80
https://shefayekhatam.ir/article-1-2126-fa.html
http://www.tcpdf.org

