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ABSTRACT

Introduction: Despite substantial advances in clinical care, spinal cord injuries and their !
associated persistent complications remain an incurable condition, with devastating phys-
ical and psychological consequences for patients and caregivers. Clinical diagnosis of i
spinal cord injuries is mainly based on the neurological deficits. In recent years, imaging :
techniques have been used to evaluate acute spinal cord injuries. However, in many cen-
ters, advanced imaging techniques are not available, or the patient’s unstable condition limits :
using advance approaches. Since reliable prediction of recovery in the acute phase is cru- i
cial for selecting appropriate neuroprotective treatment, there is an urgent need to identify !
and implement new methods for more accurate prediction and planning to reduce permanent
complications. Identifying biomarkers to predict spinal cord injury helps the management |
of injured patients and supports accurate diagnosis and treatment. Some proteins have been i
identified as promising biomarkers for central nervous system injury, both in cerebrospinal
fluid (CSF) and blood serum. This review aims to evaluate the diagnostic and prognostic
roles of these proteins and neurostructural biomarkers in spinal cord injury. Conclusion: The
identification of biochemical biomarkers is becoming increasingly valuable in the manage-
ment of spinal cord injury. These markers have significant potential to assess the severi- |
ty of primary injury objectively, predict neurological outcome, and monitor recovery and i
secondary complications. Studies show that biomarker levels in blood serum and CSF cor-
relate with injury severity as measured by standardized clinical scales and can distinguish
between patients with good and poor prognoses. Due to the limited accessibility and inva-
sive nature of CSF sampling, research has increasingly focused on identifying reliable se- :
rum-based biomarkers. Furthermore, the distinct temporal dynamics of biomarker expression
in the acute phase (reflecting primary injury) versus the chronic phase (influenced by sys- Keywords:
temic complications) highlight the need to define specific markers appropriate to each stage.

i 1. Prognosis

* 2. Neuroinflammatory Diseases

3. Biological Factors
4. Biomarkers

*Corresponding Author: Maryam Jafarian
Email: mjafarian@sina.tums.ac.ir

++ These authors contributed equally to this work

]


http://shefayekhatam.ir/article-1-2595-fa.html

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

L ad Ve ) o5 o)lods quao Loz 0)99
- 2 SR O )T 09
CV/

19y axdllae S 1 el Ol a5 (o buousl — mas S § (5 ySSLLS
7 61, Sl s &7 S S T 00! il Lyl Tl olols dy 59 & oy Lien dioped 7% sagling 0515
br\ub)‘” |'°'-’~)'°

Ol el c0ls (S sl ol olasl psle caSlanghy (el 5 jhe Slulo Sliiod 55 5!
Ol ol el @3l s Lo ot lasl pole Slaios 55 501
Ol el e0l 5 o823l in g (938 g ke 0aSIS (fam ) pole (cwiige 09,57
el ol el Sy ke oSS «gmeiils Sligkos azoST
Sl bl bl (K55, psle olSls USERN juis?
Ol el (0l (S ke oIS (o)) (s plal (S Lo motzme ( Sy 0uSIS (gt 09,57

i wleMb|

VEF Lo VA ey VE-F 57 e Mol VEF olo 5 ¥ iedl o

Pl 5 ool slacanl (il slacdle o dzg B glacd, ty v fyle rapndie

Ll e Gl 5 e o Blie L pleys it cnsy S e ol ol es sl

L e OS] e o Daae el slaecnl il mie i5 Sl (Lo 5 o ans

L sl sl slbianT byl sl ol gl SLacSSs 3l slagl s ol

P s, iy 610, eal sLacSKaSs SThe 5l 6l o Jls ol L il sas ool

LS e dgme | ath iy Lo S 5l eslial ey Jusbl sy Ly aias s

oS edadlone Lo, ool gl sl ad> e 40 (09— slaiel JoB oo jiun a5 Ll

sl e sladis, 65 s elelid an soe i e ol Gl il (e

L sl,Slts gLl s Spmg (oS Bl IS Sz ;5530 S5 el 5 (e

P oS e S8 sadam hlen Cpae d ol el i Gl (e

Pl Sl Gleea LageSyy Sl (S aS e Slaity 8 plays g pani i

P CSF) (sl 550 gl )2 4z (55 0 (o i el (Sl 00 lgonal (S

Py et sl bl (e ol Bas lea b Lwlid (e S o 0 4z

Lol ol ] g e e sl S 5 L ol ST

igealS gloelly |l elss b cpol B e 0 (alerd - (e l,Sli gLl 2 gy A
T | Sl s U e S Gl el o i i s
R leea)if-f Pl sl ol 5 ot Al 5 e dly G sl e 20 e
e ey T b s mste gl s 09 a0 S ol gl 45 woas oo ol Slls
- ) 91;){,[“, o L ol e 0slgs o0 g 0l (Ko o lasbi il o Jb slo yolide bl 0
e o2l Cople g dgume s yiws d az g Ly g d LB oled Gand 5 a5 STk
sl ol g o, Sl olwlis o (6 pKeiz job 4 Oliaass (CSF 3l g )ls ,mdigal

s S8 o jmilatie Glao) ilgy comil ymt ogdle Wiloasd 55 a3 o e i (e

ol b Cem) pnie dade o ol jo (gl ] oa S WSain) Sl a0 o

DS oo i |y Al e 50 gl cnlie (LS e KA iy e Ay L (St

Ol o 1 ghamnd 0w gt
mjafarian@sina.tums.ac.ir : S g S| Sy

slails e Hlie dlio 0,5 )0 (golww S 4y (B g ! ++

I


http://shefayekhatam.ir/article-1-2595-fa.html

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

A\ ) o5 0)lelt (o) lg 2> 0)90

Corommnlgl ¢ (B9 e Sl ss Jold any gl el (V)
el VY 5 o d2l a5 0yt o JLdS Sl g g0
o L8 51 s (M) Aed o 7y el oloul 5l ey
amls bns del angl el slapusilse ol
g oo (£ ol o (Al g (elaS g 90 2 0
W (o) JLo 50 45 65l Sleys slas S,

S0 Jlse olwlids sl ol Lo idl (55
P (Vo) culoas pladl el ol 3l ey
A alawline adgl anlo wos e 45T Jolse
et &3l (JeSge lap—ilie 0,5 0 bt
o 09—t 3 (BB S| i 4 g a0 o al)|
Sads ooyl y s ogdle o tas o 4l el ol )
Ol Sl el 00t (ot (2l 4 ]
455,90 59 el B (ol (395 4y 09§39
oyl ol Lo oledbl b ooy slo S
S el 0SBy 4 g 9w o (Sl (ST
e 3 el Yo o el aiiS o SiaS il
Sl oals slonl (oS cnsy sl Slis a4 (gloalss
sk A ol e gy Sl S a ST (V)
OV a5 s |, sl aaly S solazel L5
ool ay s b ool (sl glacel o
Sl 33 o gyn s Sy 33 st 9t
sl Uy e sla, Sl aS o tms so i soaia
PRI [PCIR. S BE N CI BONIE. OSSP WS P BP9
e > g Ml e s 5] il gy
4l b5 el Sl ey (e St 35— 50
) olid S Jlea] ol 0 (YY)
DBl Bl Sy el I Gy 095 (A 0l
SilmeeS a5l g 0SS i g Ly 4_.),9»‘!4_..;5;
5k oo ac ool (Sm i g ] 0
2ls ol o Gy sl KL 25 e
Q‘)L"ﬁ:’ 5o g,\_;...d o O S j0 uSh"S \.\_:|9».>
S ool e 5 ol 4 9 9IS 0l b s Ely
OF) 03 iy oSl | elss ol gl o ol

el Ay o8l Ly, s ol 5 s
e g=le 9 B9 50 g0 (S slo Nl
o—eye 3 32 J=lie o els ol o (el s
ol Ll (oS e g panteis 551 o)l s

PR S Y PO | S S Y B L SRR PR e )

!'Spinal Cord Injury

dodso

Sl o (Sbp 09> Sy gl el o
P A ¥ 50 L elss olib el T e
397 Olie e o I jb a9t oo gnne
LSA_"‘Q 03— .)l_7u‘ (e—asc LSLCDVM] yw JJ?_MJ
Sl iy on (bl L L) 5 > 5 >
8 SYMS 5 c00g, OUSio Lo S ailio jo ,, S
pa—e J—doy e—SU.(V) asyls ol pam a1 o aii g
£33 3 S Sty WS oo Ll oS B (6 iy
‘)9 GLQMT WSl e Jlasl gl ool Sl dolas
Shteal 935 53,5 o5 ol; G 5 g 55150 sLoo
Sl oM @i i8S sloans Job j0 (V) swiwn clsu
5 oS 5 A Galisie Sl o L sl el cidse
ap_».A)J OJ_UL))L le_ﬁJgs_‘}A R aquJ s_v)il?
ous plol pmas oo Suiles g oaijlw iy mas sl
45 ot oo 35500 0 | (plaiin g
—as s s g5l poe g (8L sl Ay
5 A (1) asleols 4l S o SeS s sl
ool Lo (Glosys Jobow aiile (alo by awjo
M 6Lﬁbﬁ)5)§| 9 kf'_‘w) 0‘9_4 01)_<,.m a 6\)[_...;
s amls lays gl o35 sloan s Layl
9 adloe mo g el A L aS |, > (Yo ) i
SR emas o9t Olie 9lgh 4S5l 092
o8l g, oo LTl 0y 34y 05 5 jo bas aS 4l
Sy o B S )0 Sy iy WDe2g ) Lo oo
ad, iy sloa s, g sl 20g) ol alSle ol
Doy § (S 9 Ao Sl il A 1 orie ¢ i Sely
() cwl oo 4.»_9)_..._\4 db)9_.i.5 o L;o)_il.o.c @b
4 ;e Coles [0 A4S ot Syl amliy 5l o,


http://shefayekhatam.ir/article-1-2595-fa.html

[ Downloaded from shefayekhatam.ir on 2025-12-07 |

\f-f QLM) ‘F“S'-’- a)l.&»i; ‘P-‘QQ)LQ)., 0y90

g 2
M
woid Ly Ghels alizde sla g, amy oilg oo amgil
SCI 51 oy L5655 00,28« Jliie (ylgscay 09
g G5 ol Wl oe Lad 13, S0 S, b 1O
Sl sl il )0 Al se o ke (VA aa
GLPUL SEOJL_ai.w L—J L.\._.u S Cwl ‘S'J_."Lo 9 00—

S5 coml ad gl puanilo
5 63y Joe! S 4l Uidar ] aigl al> 1o
DS e e a8 cl el b (55, o 5

S wla (gyeb Glj ad> e a5 4l
O yasa) 0 Cl e 5 Sls ol
aLaz 51 'CNS (ela Jsbws 5o 4y, zeio bzl SCI
Lo g o g Sl Sy e o il iy o
el e oS el a9 b e Jlaligail sla sl
L e plad ey ymis Jsb oS sl (S
ey g e (| SLeMbl a8 Wg b oo g0920 5 (o5
Al S SCI (555 5udgily (1) 0iiS o Jiiin (o
ol a8 el gl 58 Sy el aS el (38 5o
gl 58 S o] Jlode a5 Ayl (Sl ]
40 pedSo 4 SCI ol al> 0 .(V0) el (5,50
(=39S 5l bl algi po S ks S ol o
Al e 5 Ly (g5l 00 25 (BiS ( F )1
o] Lol sy el gl ] 23l (V5)

@2 Gl

Gae Dl )
BSCBusyishi

Sl o) [

i

SO

ik

=i

Ay T gph o dadn Sy o el S gl
iy KUl o Qs a2y o || S i Sy
Py . CunfS R4 Ay sl i

BSCB st ¢

ATPS e sl il
BT ) i
BTSN Cuan g (s pdliadail o

CIL-1-5 el glagate Sebisy
L IL-65TNF-0. | Qs
BTN
|\ J

2 Central nervous system
3 Astrogliosis

cdlize Sley sl o3l jo eu anls sbml jl as Glale 0 So3edsil bl Sileds slei ) pgual



http://shefayekhatam.ir/article-1-2595-fa.html

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

Vo

o) 055 0)lons ¢p3 Lo 099

6;5)—4& QL—“J-&Q

e—as slaonins JLaul, ol sla S ol; ol
oo Sl S Olpdl a5 c il o Sae a > Sl el
S=Sh 5 Gi—s! sl jo—twsTl (goran
L asily oo 550 (gamw 3l Lol coil asilo 1y 5950
9 Cgh (S A S S gy 58 6L-t"°)915b RN
6Lm.>.;.ﬂ,é ATY) S SeaS bl ! o e pe
St SiolS Ay oo wilgs e Loy s ol e
A4S Sl du gl ad> 0 y0 (ol 1o ogdle 0 0 Sloe
515 590 ilwsl 48 05 o dloul 0o ol Jaore SO
Al ol (VD) 08 o JBre |y Same ot ade
Sgso 9= adgl sl o= asloz oye 0
ey 0 39— sl dm sl ) ey j9y 0z (b s
ATVY) el co aalol sga el jgboa QT cdlse Ll

el o S5 Sy J ol Al ]
S o> 66)9JJ—>‘)A4—D&4\J}4)5—'04—54J
el gl el ¥ L 85 ()58 5L3 16593 4o 50
JS—i ) ol 5l ey 6098 cBlie g S o Jo b
JHLJ°‘)“@L““L§5L'BUB)5JGJ‘“’J)‘°M°(5°
S, Sl (5558 ol cws lan ;e a S cul el

s b oS58 el aS el als sy (g L
ala b cuils QL—A‘ o 6L"°Q5~“‘ST .J._;JLQ@ QL_A‘ 5o
o Sloeyo lai oy g T oy g oo ainlies
=9 J_JLB (S—aE Ogmnf (5"?-’"7 Sladlas ‘)_g.)' A
oo i i Lol glarys ST 5l aioye Ve sl Ly,
aS @5-)[5 alags Luj‘ M] (\a) Sl 03ls QL‘“)
AOV) 0ol oo by Losl gl o] slapmnnsilSes

Jelss
agl L8 05 i e sloul oy e Lol sl solo;
Tyl o il (S 20 oo oS L ]
w338 s ] gl i St aiilins
B9 il Az )3 g (SS9 3 Sloe P2
Seep Lo S8 S9 slas s Lo ol
OpSlos ;o IS Pl e el a5 05 0 o0 cnnl i
A(V0) 55—& o0 "BSCB) el v Llib - Sy 5 o
slolae G, bl o Jg xSl wgen o Laolyg, Ll
5B Lagl (G slosonims JLaS) cooy g ok
o 5 (KD malsy Bl 5 551y 355
5 (tNa) po—w cbale a5 Sl o oo o ualidl |y
Ao Gl ol 318 45 € S g
aS Sl dmasl ol SO Jels sl asl,8 (YY)

Slaae caJol ] A A s 00

T
NH;—

C0o0~ NH Nitric oxide
Il Nitric
CH —CH;—CH;—CH;—NH—C—NH: oxide *N=0
Arginine synthase

C0o0~

= i Citrulline ﬁ
NHs—CH CHzCHzCHzNHCNH2|

< ool 9 jouSS [ Sike-crig> daw ca i

(sl S

4 Excitotoxicity

5 Demyelination

¢ Degeneration

7 Blood-Spinal Cord Barrier

(#58 anlo sbml jlas JsSse 5 (Jsho Ol I SHled Glai= ¥ pgead


http://shefayekhatam.ir/article-1-2595-fa.html

VFF e 050 o)las quad )l 0)98

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

00. >
M
S5l s a5 (S e S S s
Axwgi deldl ;o laceiils 039, (TY) 0iS o olox]
Gl mme 5 6= (JLLS ul Bas Jliay le,o
(YA s 0od ol loys—uST g Lagyg,s

3 e aan Y=Y L».:)_o; Sl L8 Sl At o
FENKY &.A_A.MJ])‘ uo— olo? l_>9$9_~469 &)_w s.,\_..w—‘
9= o jolS (2STy cad> o pl Jobo )3 0l oo
algz cads o ol )0 e 0l oo aslal Sl uls
am LS o5 asilsz (6l (9,0 W o=l 4z S
(YA il o (Sl ys OMSas (gl s Bue S

Sl oeia JLESCL s ks (21030 4o 1o
LS 5 09500 €93 w5l oy ole 7 390> 5l as
oS3 L oo 58 ol e aeldl e e 0L
5 Jb 5 Sl Co 9 melS 5l ey S
e (YQ) 353 c0 (ateiin uSGo yuw ComS Sl
Lailiy Sle Ld5s S Lol (g5lsSy s 4y
5 Sl sladsSse 5 Jlad slacims il
53 Slls g S SlapSelS 5 p 05y an ok
P Gl G badlone 50 S plyiedy peje 5L
Sl an yomie a5 aS )l ST oh) 5l S5l
LS (V0 V) Wil oo (comas S8l e 05 yold
S g0 obml Lagyg 98 s5lmsl sl (Sied el S
slyl o) easylosb ool b oleJsSdas bS]
(Vo) e oyl Ban ) omac sloods 15 g 0 uS oo
al> o y0 ool wl 0,50 bl slas ol 5l o

Sy Slhasl (L)l (g3l gy Soa L e
i sasibe bl 4o laryeuST o Shae 0g—po L

6o Shee 5 (JeSge cale bl 1 (G sl SOl
ailgs oo 09> Cople wlowl 1 g a)ls o lise gloil
Oried g wlie oleys Ly pllao 095 et i3 )
76 )l ST i g Sl Rl 9y 50
slos alxls [0 a) sla s (YY) 05 S
63 Sae 5 gyl slo SLis calize &\9_>| A
Olss ba,Slss ol Sl plaS’ j2 g Wigd oo i
J—>l0 50 9 Wgbon el (6 5555 (sladiws 4y
Lo ,5,I5 wlgi oo anls Sloml I Gy el Sl
5 (YY) sl a sl gelaie Slwys 5 ganiS

8 Tumor necrosis factor alphaTuor necrosis factor alfa
° Interleukin

10 Reactive oxygen

1 oligodendrocyte precursor cells

J—do s Lagygy (o 9,55 9 (Jobow S s e5 )92
ol sliae Sl PLst 5 pol (g 5m yism o« coSns
9 ATNF-(X Sl w_..]a.u ‘ts)H )‘J J_>|9‘ e |
2 aS aJgl slaolag, 5l o (S oyl og g IL-B?
Slaligls iolidl oo oo &, SCI jlaids o> o,
e Ay 090 |yl asliy adly jo bay qlepnas
Sl G Bam ol L3 a5 05 0 o je—al (o
Sy bl 5105 sl pmae o ladlre oMl

oo Sl FALY s adglols 5l o, 5 s
IS st 5 SFoms LSl w0 &) ] |
aS co vl wls ads o 0 agl cnl sloaak i
ol Gt g 5m pot Lo g 09— oo (oSl 4y e
l_|)5) 5.5)1 sl > u_'>u=\_l.‘>f4 u_m—‘o‘)_o.ib '—)Lér-ns
M ek Ll ) oo 3STa ay 5958 ly
Ay 00 Hlpe S Glemeas a8 e Ll o o
9 00—y )LC] u_....u—‘ J_'xa a4 UP 6L®wy}a ud_‘>
Szl g GeST oty 0l co aaldl 59, Cdn Sue
Jol azan 5l v Sl oo slasliy Sbe lawgs Sl
3o 59, ¥ Loilag Sk olass (Y0) 59— o0 £9,—5 SCI
as Jdo ol as o> L5 s s ONS el 5l sy
MI1) ol s o5l Jd sloacdl cul (Sew
adgi an ;oe Wlg oo glss A el slo ol S5
5 Jolsws pae 09 Sl5T sla JIGal, g gslonST o il
L3 zshw g "(ROS) S Jlsd slaasgs o Jgs
5o laguly aigdioo 9Sliadg n 9 SoBg 5 e
5 (OPC) g juiogSlsl iy slodsbs aJs
sl gl 550 LS55 5 59, V5l ey OPC 2alS


http://shefayekhatam.ir/article-1-2595-fa.html

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

A\ ) o5 0)lelt (o) lg 2> 0)90

e y=—e ML Ee

sla Sl 5l 03 inS (6500 m hlig p ISel (Sing23
CSF sl Slalllas (F)) 05 o gnlyd 1) Sletdl as
asllas 9o LQ(.J 9 Dl )é[_i WLiloais 6)5‘&.0.> M—u«)‘
Jlo o=l Le(Y) 0,400 0929 SCIL ols 58 5l Snsiig
gm0 Ay Sy olog 5l Lile o,e] Cws 4y
9 r:s_bs): )‘ oola_wl .ol b0 M 9 (5"‘09"
SLaSeSS L (s sla s aiS sl podalie
S 6 ySoylail g Ll gl S el a3 08
o Fete (MS) (oo, > (eiwcab.cosl Lo JsSUse

oS 0 i hpog 5 @lwlid gl I
OFY) el 3BT VL ol g Eralais] s 4

Sl dsse plooi olowlid § (o) 4y Seeglpilio
dcgazo 45 0310, o (Sfelm aigel SO j0 Sz S
Sg—i g0 13U pgdglie plgiea; Lo slse ol Jol5
315 1 Uity s 6l ] o Spngliplin (FF)
Lo ol 2l JoB o o i a sl Ly as
G=93 analeb By adead a2l
D pat i i Suilg slas paly sd g ol

ol yo 50 (GolS Sl an b S bl sty
Sls Jmlye po il (ol5u ] 5l sy a9l ]
| 2Bl o aoge ol mul ol g
S3S 15 05955 © Bl ;590 Hob any wly (oo oao
Sg—rte Sely 9 00,5 j5tewsS B 1 00,0 sl Jlw S
il oyl iy Uy ol Uy 99y e o, Slas
S ol g polas Sl e 5 Sl 20
S Sos St 5l 6Tz 9 Bl e aSle
LoyS syl ol U St oyl o5 e
$Lg,S e &y lpo 89S lge 52516 TNF-0 Lo 1S a5
o, Slis cpladgl clale i w (FO) aws "IFN-y,
5 el Sl 2 sl el e ails oo
S8 Sz amazy L odl (ol e (S
Lol goh o Slts (ol olisS osanss 5 oleed
ol 1y elagy Sllws el Sl Gy cnss ain o
20,5 (03b anl g o 05 A e g B3
sl slajls o laat Lt (ol slog il o=l
Q18 B JRGSNIN I VNIV S | PR CANOY I BSOS

12 American Spinal Cord Injury Assocition Impairment Scale
13 Cerebrospinal Fluid

!4 Mass spectrometry

15 Interferon gamma

9} ‘éi_.\> J._)L» GA_AAH) ).f.»Lm.J s_LJ sJToJ._)I o
L as,e )_,.;L ot il Al 099 ] I
o g aS L5 ) 5 0,5 15 Sl cLng o

| ezl el 38 Olib 35 el o) TAIS
ouaib ol b oLl il S (0 el el
LF slaidn 0 S > g > o bl
Go—wai b (b S ,> 5 o> 0, Slae) «BE» LS
Ol 90 4 0 lgs o (s sl Slas (YO) a5 oo
Gl olss olib el o Jb s pae o (Jwe
CAIS ulbde Llass als,o U olhlas a Sl sl .\_.;
SU oo 8o sanaiws gl AIS suuadl
sl Slis Q_:‘ & —Sesll sl wa sloosls g o
S SeS L‘)I)Lo.:.,—‘_;..\_g Lo ;o Al oo ()
Lo s)loom oS 10 Ayl (sm i &S00 pgo
elsu ol slol L8 0 AIS gonax 0wl 1
ol o LS (ol (6= o3l 5 (bl (ol
a>of ..\_:L> s 03— l.&:)iaLw) O L‘:”L'))‘ S99y
plw Gt gl b, SLis sl eolaiwl oS e bls
eyl 3« Sdlig a8 0,0 aile cmaenily slaasly
= 1) pBaeog; adsloe Glallas lg5 co 45 ol
V) o, S ol byl s ol g, 5l (6, sl> g 5

TCSE 5 (9 50 d2ge sl St olwlid sl—
(o (T b Jy e SV L SuSS
ATF-YA) 09— o0 oolaiwl e Sioglgilin § uSngiig
et Ol (o) (J5Sge S5 0l (5,518
Wyl Gl a5 0SS oo w2l B ) el 398 (g 0
el sh— b G5 e
2 oSengiign (1) Sl e (o sla Sl
S 0 plien jobay Lagfign (ow)— oo &8l
Sl (o) 9 Sy lde S o el by Jsl—f
L5 45 g D s il o ikt Lyl, 5 0 o]
o Jolw jlpeip caul ol 0,8 sla Jolow aen o
bl oo Dgliste oo bl S a iy 00 Jolw
S ola ) ot G Laietisn a5 oLl


http://shefayekhatam.ir/article-1-2595-fa.html

VFF e 050 o)las quad )l 0)98

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

g 2
M
g 45 Cvl ools s Slalas ail glss 5,5 )0
2UsS ey Doy Ce s 4 LS ] CSFg o
39y 4% 9 48l SAalS g i e 5 92l SRl
5 Jsls ps amsi ;3 S100b YL, clacdile
s 133 S o s | oS Ay g

S100b eyl o ogdle sl oS colazs] S5s gl lo
el 00 S o Oleeas e o> yo

Ol S

S ] (FA) aims o s | eelsu olibs sl
(\ci) A_»S‘So (5“_"'@""’ )_u ‘) SCI S g 05_1”.‘ )5_|44.:

a2y =B loaoglis AillKen 5 pleS slasllas o
C 3B A (AIS s 1,S100b slaclkle | 2y, 5 o
=56 g0 amle 10 8100b lacdale ais S 5)lS
CLBa AISAjl Joas L o2y J—B j5basy
L5 e amle ;0 8100b Fola s ily Sion
a8l 05 g AIS 4> 0 S ol Jgbo 04 S (g0l 8l o
aS 59 gol,8l 5l L ieS pemgi B el an s il
Ohler 5 4ls S (o glaallas ;o (B+) oc8ls oy
ol 31 e 0580 5017 S100b s 4 aily slacdale
slackle b ;0 Gaizeed 5 (256 50 gmle 5o
(o=l odle (FA) wdl Jol cel s YR LYY o S
5k 42 ST100b elss (g5 amle slacdile (- S0ls
J=l (5 sl an e ol jlen 5o (ezrsd S8
Omizeed (OV)og— ,5YL | SU Glals L aslin 4o
o asle plid ol e 5 cady (6,500 aallas o
e e ol )0 (g b )91 S100b (o
S8 s aS Sllen L aiwslie jo elss ool
OY) cwl 009 ,5Yb bog L5830 0,0
;0 S100b sl ackale a5 cwl ools s ol alllas
siml 38l a8l Slls L awslie ;0 SCI S alsls
od—as s Lo o,l58 oy imen ol a8l o 2 b
] S0 L S100b slacdale oo S uon
2 Sy el U og 8l o ST i 35 5
(F) 0slazdl dggy omae L5 Sl S el Sl

ol OF) Cl a3 15 JLlSs il gla sl ;o

16 glial fibrillary acidic protein

7 Neuron specific enolase

'8 Aquaporin 4

1Y Microtubule-Associated Protein

el slainigy a g bl e L;Lm,isug
JUS slosb o Ly Lngsygs 5l o sigiin ol
0,5 50 ot el ) e a5 W e U
Jolis gl am o jo L) g o 31 o ore (5>
ad> 0 90 o 0 (YY) aiwa S100B g NSE" *GFAP
Sy sl Slss (oo i bilE 0 g2y
g oo oddl i S 09,5 Ly anlie o gl
‘J._S)L) tSA_M kse(_?]d"'“" 4_§ @‘)L@.\J ‘U_" — cs)l.c
ethe mols oS SluS 4 cos (6,YL slacdale
og—all %3l — E—b50 ) aipd o i s ls
b el jase i o 6)l;;>"LM, 3 o,
Ol e oS o ST ST ol g sl
it o et 50 5 9 S 3o i
(YY) aeo al)l q ST Jlass! sloaely 555 50

0S5 S ol a0 0 4l o |
ooy 4B sla Shy Lo Sjslyl slaaul)
DS oo Job ain a5 sl a gl ool
Sl angill el ad> po g, Jgl sl 51 ey
pos By ol oo b sl Sy 3k
sladbosly adg (S Coau (Fgm Jols
() Gyl (oedS pgma i 331 ol
Sl Sl (F7) 95 oo IS 55,55 5 pol eolgal!
ol ok ol a0 (ol )0 ot (S
L) LapeSsinl GFAP S100b o5y, el o
s PV 4SS 5 MAQP4 JL-8 ( IL-1p 6

48 ) S a0y e (g SS100D
b 50 g 35le 3 e Jolw aa L g phgin o
el 5 obow a2 gy wsile ol slaanl
2 Ols g Ll il sledslons jo Linas g 0l ik
clacdls 5 glosiwS b s S100b (FV)s,ls
=2led 5 ST eelS il Loz Sl gen
Lo MAP s 5 Sglin ooy il cdled o gl
VD) 31 i Loy (jalyz 5 s ]
ST emae sladslos 5l s ol SCI g585 5l oy
adsl Jml e yo Laz i S alg oo ;LS 09 e

|


http://shefayekhatam.ir/article-1-2595-fa.html

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

A\ ) o5 0)lelt (o) lg 2> 0)90

é;s_)_c ;4,_—“—3—@

S el TP ol pie LISy Se a5 amo o (ol
(BY) a2 oS 1) Lacaus a0l slass aslgs oo
o951 (53l e 3 gl Gl 50mm 59,5
WIL-IB a5 i a5 Gl ool (5155 0g—
ad> o 30 L (el 5l e 4 OY L V) ol e
YL llsg il San 5 5y IS (6,550 alllas ;o
IL-1B il ay iy bai ey ilize aJgl gLaazily
o;x_me‘_g@‘ﬂh;,ﬁ ey yolis S leieds g0
ol lyl 5 a2l SCIL e Lo sl J>lpe (0

s o> e 0 TL6 s a5 sl
ol L6 0l o (]38l ol 4 elss el
sy ge LaldSy Son [l SLe 35 5 g3l JL
ol el o gl ol gla sl S ()
(V) dissco gl b s g 005 ool
sl el sl o izmen S5
(FY) ve—boo blamwgpiwl A e ol

009_5 ‘j‘)_f) L)M_.u J._.u..ul.g L_: U_’lS%S g_i_: IL-8
ot ol g godais ey sloaonl s sa s,
(i) 8en g 55 (B) <38 1,3 Lol o 0 ke
IL-8 el56 (g0 amlo o il Sen o SSlo
Celw YT ol=> SCI a o Moo ) )Las ;0 1, MCP-1 4
&=le gobw aslllas 95 50 000 S pw) 1 sl 5l Gy
Fi,bas Shley ol 0lSeeS 50 ol 58 g3
aslie j0 a58,5 a,m5 1) ALS 89y el 5l s ols
J=B el a sl |y g0g—n =l a5 Shlen L
5 095 6508 aalllae ;o . (00) w8l Sl (k=
MCP-1 4 IL-8 o am ai iy slacdale ol Sen
Ve O, b el g0 amlo 5 pp—w slodiges o,

wbon Gl el Sl gl 53958 ¢ (ST
&l oo 95T e Sl lyear cowl S g
al> 0 ;0 SCIa Mo ooy jo AISa > 5 05 g
D38l sasie Sladlas o (P OQ) ol Cenl L ol
50 =YL slacdale a S el oai b)) el
(ymiimad ol 0 sdmlive Fuad o L Lo
S Shlew o £l56 Gi0 amle Tl slacdale
a8l 09 AIS a0 S ol jlola £ o, o
Wladls oo 4 S SLwS L aslae jo cslan_ils
5 7—lSls (6,500 allas jo .(F) Cul ool ool i
FUk ] P USRI P SSIVIER S (AR R PO | B4 S A [ L OV
38 ] 3 e el Y =58 30 alo ;o GFAP
Syt aS ol 0,5 elsu el 4 M l)lew
aS Shlem Lawlio ;0 wio S ay,o |, AIS a >
slacdale coul oo onnlive i Sl AIS [0 (so5—pe
3¢ AlS 4> 0 ;0 aSAISA o ,Les ;0 GFAP 500
=l s sla s Shlen L aiolie jo caidl o9
o slacdale (V) ot a8l wosailbe S LS
sleackle (YA) o)ls Sion aJgl cel Y7 5, ¢
0yt (SomnSl Lz S e L aslin [0 wsos
A (V) od camline wiog oud elsu ] (900
u‘}_..ccu Sl u_io.a g9 099— M—l IR e a :L..._.Mu‘s
PAIS 4> 005 o sl 25| ut_...a Solas S
WS Joe ol ads g0y elss ol A M )l e

S i beplaulw I glooly Sl Lo S el nul
DS o0 SaS g i D g 0 Slee S o
Jr=S 09,5 L aclie yo elss ol ol o)l
L oo ol la S0t ol 9wl oo 2l
L awolin ,o 1) AIS a0 10 (605 ol o0l odo
A(DF) aiS oo (G i SlaiBll gy S (60 lee


http://shefayekhatam.ir/article-1-2595-fa.html

VFF e 050 o)las quad )l 0)98

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

&z

S 50 ;590 (Il 0958 (g n S S g
Ol e oo S8l 3e j0 Lidas g el Lo 5199,
LadngsSes s)laml b )0 (ot (A (592
Al (69,0 Lo 9,90 0, Sloe g Lzl gl,maS o)l
Iy Tau 3l oYL s mh o Laiygye S @L?dT 5!
95— el el Glysar sl e s
iz Slallas o Tau gloacdale youSL 0SS Joe
=5 e amle o Tau glackile o n poe o
) ! 5l s el YF 0ga> calises AIS a0 L
o)l (g ol yad ;S ALS a > o LTau 5V xha )
Ao WS AIS a0 o5 Llesas Jllas oTau
ol ol (FAB) 090 5ol o2y B b
celw YF |, Tau , 5ol sloacdale il Koo g 5l
093 AlS a0 0 aSAISA ) )lew 10 el 5l e
a=le slacdale mol58l o SYL L casog 4l sg—po
J= &S e s ol o Tau elss (653
OIS 5 6,500 aalllas Ly il o0l (BV) wia S 155
o Ly Tau ccdale pmylidla S o ls cetillae il San o
) el 5l Gy 0399 50 s 5 (LS 50 e
sanline cwl Sod an aly (Celw Yo o ,e ,0)
Ol yo YL sl acdalé a5 g6 b a oS
(Y Bas (g Soslail JalS elsu ol 4 Mo
O o (Siads Slallas plos (IS 5 b
el ol g el (g3 amle o Tau glacdale
Cwl (S Tau ¢ IS jgboay (FA-0Y) 00,5 o)) 5
39—t Sl (STt () S S ply—en
sl bl b el ol el sl ey o

S Ols—iedy (ATF3) ¥ oo uS Jlad sy, ,5—S 18
Lo )5S (cugisy 0ole il slael 5l )05 sl ()5
4 C—AAJL’ e A cs.\.:j_wJ»M u—‘i’ﬁ)’) CREB

slaol o (Y YO) 059 b oo g—wxo (CAMP
o beleil b pllw el 5o 05 o=l ol
ol jybas (655 o gt i Glp]
o9 n ol 9B oo Ll it ol Slaiyg e 50
2 sla gl gl J5Sge KLt S Glyea,
) e0g—b oo 4588 L5 55 od ol Ly o il
Sl Gy Jlm b gLl o (T Gl el
sl e g il Jlse Lo avzlye (g )
A(VFVV) 03,5 oo LAl g2y JB8 9k 4 S3dlsily
ATF3 5 a3l Lo ols a5 aslosls lis Slsdlas

Sl e g Lo 5 ad) Cgll co>ge

aalllas 4o (YA) 00,5 5,155 el 5l s el
MCP-1 oo glacbile (pizmon iilSon 5 o
PAISA aJgl a0 5l cmac 35— 9o oo 5o
ol J 5 03,5 5 59t Ly lmes L 4l
oo 5 s ) Gl 03y W e L6 L
sl Sl is le e oo wl (p Sao MCP-1 GIL-8 o,
G ool Lo el o (gl el
S et e Sy e Sl o5 S

slo sy 5l (Se=z95 oolgils (AQPs) Q@.)%Tsﬂ
Qi)%ljﬂ S (AQP-4) f’—&l)%ljﬂ () ais plae
1 oS ogame JUolF GLid (s Ggye Ly s
JUE Gl bl il g el su - (g 5m0 amlo Lo ulos
OB g ol el sl 4 Ol Gl elss
St el o) gt Kp3glsily (slasiz] b 55 ot
03 8 J‘J_‘a‘ doze g alicsw LA.J-C)—J P90 2o
S Clyd )0 5 38 (G oS—n) A i g
=l pol GialS L AQP-4 fjols s 51(FF) 99—t oo
039 i yo Loige )3 SCL Sl ey (45T i S5t 5
Sl LS AQP-4 Ly ialS (ol 1o egdle Lol
(FY) 025 oo LS SCI 5l sy 1) olgedl s  JLIS

elid by 5l sloslgls (Connexin) oSS
VLl ol e sl o bl sl JULS a8 ol
Lo L JUIS oyl o o oSt |, il
909,S J—ate p an ) jslome la sl sy gtens
9 S—=55 sladsge Loy peitas Jols 5l
sloadan m b5 9o |y oty Sl slo JUuSw
POl T S S oo a8 o )
bawy iwl (FA) cul hlab s o SIS
SIS Lo 45" 0t ONS s b Jslos oy 5icslsl 3
domg il s egdle (FAY ) oS o Lo |, FY
Sbopgyg balomg,wosll o Y o S ol
518 Goe Jbignl sladsl 5 555 Jlo 50
ial3dl s el a s S FY S e
YLail gllaz o olss Gl ol Js (V) ol o
AL o] e & jgloma 4o aamg ol jo Jladslss
g ] (g 5 W sl (S 45 08l o
Wb jebome ladobw Lo bL |5l 65 s> 61—
o o=l e ) S laiSew ol > 45
AYYVT) 055 o0 oyl Lt s 5 95 o0 Sg0me

|


http://shefayekhatam.ir/article-1-2595-fa.html

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

A\ ) o5 0)lelt (o) lg 2> 0)90

e y=—e ML Ee

al b cpl oS O ol gls JS s an L aes oo
TNF-alpha (p—ie 59,500 ol jon 4y o Joloww ]
5 olgdl wais Ladauws, oSl slass i als (AD)
(Yl\ <OV /\&) QHGA o;b.)wi 4..\2-[) B ‘;51_.“ d.))..._u.:l
S5lgye8 (oo 0,0 a5 ol |, Jwily ol TNF-alpha
JAP) A0S e SCT as M ol )las jo 55

Loisy o bl —Ssn L?*—‘ NFL (59
ONFL a > 315l )l 8 larys ST o Lsoee g ol
e e I
Ssr= g 3 p=lpl 5 0 tliged (55T 0 (e
CSF loacdalé i aJlas S jo a0l i lidl el
=5 el A e ey iy ONFL s
=50 el 4 Sl Lo aslie ;o SeeSs
(AY) el a8l e JmB by il
035 oo SCLa_sl YU, NFL zha v a S oS ia
AN el S ey —ac csez—fiu‘“" 9

IP- oLl L—gl_.md‘;f‘j 3 et sl 5508 5l S
Sy o] ol i 45 el (10 (FCXCL10
e ¥ 0 IP10 gl acdile o sb o )5S,
S 5eS Sy lsieds oolie ] (AR) wiot ;)
O99— ohlew Ly aslie ;0 SCI as Mo o)) ylaw o
{(AR) 05,5 sualine SCI 1 s 39, ¥ 38 Ly SCI

zle— sl S0l 31 5o cgoly ol 8 YL
ol asS Sl L ojlao (Fpm jo st sy iy
o s JolS jobo ay wg 5 s 5l b
Sl ale Mo slangld slea>ay Lanas
o=l Gt Sl e la S o ol
Lol lhaul s ol5s sl 5l umy a9l 5 )l5—<
Wyl Jolaie sasas laie Do (alite o)lgc aS
PR 23g) (a0 g e e Lise (gla Sl
Elol 1o by sl LS 0,90 ;0 (gooxine Olalllas
0 aile ()1 L lai e 2y g o568 ] Caliee
] 00 ‘DL?D‘ ‘Ga_.o& S— 59 )9_.\.45)) 9 g_i_ubj)y
Sl @ as Ly ol dbass aals o2l sla Jlw (o

-

(V/\) Gl 00 ‘5|a_¢.?b° ul_.a.c‘ MT )‘ o= uj—h&-«s]

Sl sSlS o5 S (NSE) Layg 58 pog—asee 5¥5)
¢;l”—)_ﬁ: Joilgaud ay glj__‘.f,lfﬁ__&mé—x’ Jos as el
LAl yesige pyB9ial s 5l el Gl a8 o 5B,
Nl el o 3Tl NSE sl o0y LS LalS g L,
g o wg—e S gily 5 5 (—ae glacdly o
A sledplS o e Lacdl plw o plgbh
Slale )0 a3l ol (Silgm roedand El 52U
ol ohlser 9 gt (V) cl el YT g0 o
sl el Joo oNSE oy s a5 0 0ls
el 3 e Gl £ g a5 ol 5l sl
S ols=ea o5l Olssiien 55 ol 3l g asliss il
g sl el sl @ Gl L (e RS
NSE slo 1Sy (oo gl (A AY) 0,5 ool
o el 2Lyl Sl Sl sl g,
Sl rizen (=g ol oo ol Cl (el
=56 sl el 0 M ol )ben (ST 210)))
o Slts ol Yo ol 090 485 )5 4y
O il e tlsw ol ol i cus Sl

PNF-H

Ao SISl oLy a s S Lncaiadlid i
g g0 ddgi o jenST el a wly o a S as
Gloaid, 5 e T ISl e (li2] Lacasdldy s
ol oble poldla S e e Lagys)s » sl
et Slo s S i n i S LnT
Mo phlon 59, = aslllas a0 (g () o]
88 1,8 s 9,92 (SCI) elss ol el 4y
cdale 4 S a8 )5 saaliwe oS en 5 Sl (AY)
J—B ol 5l ey celw VY o pNF-H Sl
e Glylas 53 ol 51 oy 595 YV L g 00 (s s
9—1,655] (AY) asle oo (Bl Y ol 50,5 SCI ay
g=lo ;o PNF-H cbale a5 asols 3,155 oS en g
SCI 3 yiciw g Ve e Ve JlS'SCI o elss (5520
T o a8 ol ol Kes o gosl (AY) cwl a8
y9—b A pNF-H oo, < Lale SCT 3l Ly celws FA
PNF-H o5 j9-bo amy (AV) 0ol oo i3l (6 lo mxe
Do (sl (o LS S plgeds 0p-ally b an
el bl 021 SCT Sl g ol al> 1o 0 ol

a4 S el olgdl s S 9w S TNF-alpha
S lyieds 9l ga g 99-b g0 35 SCI l my celss
B sl s () sl e (S SIS
oads P! =0 BSCB il 3l o (AF) 00 a8 S
03! LnonnssS) o iile e gl Jslow ais ol (ol 5


http://shefayekhatam.ir/article-1-2595-fa.html

VFF e 050 o)las quad )l 0)98

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

“0 ol
&
sl colaizl Loty n ¢ —Sojlul wilyi oo
Slpien oy Je pleied 02l oas
SCL Gy lo St plyieds Comg il (ols
o3lasl A lacawg i wl g b a8, 8 L o ol
St JB (G 035 g Siin lgl,5 Lagyg)g
s el A S e e JSu3 CNS o |,
(S s 4 0 g oy sl ol
Gilwalsl Sle 6o oo oo Limli8l YL gy (o |,
53 Sl S gyl oS slaiais n
Fomm o S g Jolow ool Y2l o)l Lo
RNA asile JsSse gl St oS i |, o]
ol sla,sSl M(CRNAS ) oou50S 8 sla
o ila] gla 55 (TUCH-LI 5 "CXCLI3) ayax
o, St oy izman 5 (N2 o 8-OHAG) S_Jgsbio s

("DTD) j3nls H59—isd S pgal o (gl

ad)le (b i po (s sl SSLES

Sl < Jy SIgo 5 ol Sl allae 5 b 5l La
5 S—boysiilyn gog) wlode yo (oWl dclsiy,
Lo 40 L St sl il ot il sl
el 5l (AU sl Bl St pllmsg S
63)le—e y0 o ilgs oo A S Wl - Sen 1) el Su
Lo oy Jgoz 50 0isS oo |y an gl ] g4
L e sle [ Slis o izl 950 40 ! Olafllas
e S a oM |, elss olib el angil o)l

L“wwﬁﬁ|¢_guwbom4_5‘slb)o
=l s 05— 50 et G sl s o>
ama GlaSaSs job L cal o0 sl - (630
PLS Gy Gl LS aang (59, 9l 5 330 5
A 5w 0, Sy, So pg—d 5 yeie SCI

L2 ol ol 49l 2 lse b das e (slo Kilas - Jgur

Sie g Sl g gy Subsiaticeil et @9
Sany—d = il @an
Sany—d BANEL Sl @an

Silig)gh 2 Lo Sl @an
Slgys o IL-2/TNF-g oA *)

Sl olfs 3 Slee Ol NGF el el Ghd)

035 iy g o Shes PO el S el [§1))
$l3 3 Ll o (A7)
s GN-CSE IR el v
e el D-dimer A e iy alS e gye s Lal iy o il (Saiseel f | @A)
PN E R e el 00 plol 50 gaee Dlalllae (49)
5 i e s )@dpd&ﬁs°kjﬂtaji:i}slwcbugtbwld,'lu,.__e o

Slaat 50 o Ll s o tolS el ol | o T (slo Jolos sluas
el s Aoy TyB covgitt gla Jslo Olas yam) i ceud 3 Sl ledllel weil 5| o B sle Jobs | (V- V)
(gd  toaldgs 1e8lg sl wil g5 o Loy oL

&

2 Non-coding RNA
22 C-X-C family chemokine

% Ubiquitin Carboxy-terminal Hydrolase L1

2 8-0x0-2’-deoxyguanosine

% Nuclear factor erythroid 2-related factor 2

I


http://shefayekhatam.ir/article-1-2595-fa.html

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

A\ ) o5 0)lelt (o) lg 2> 0)90

é;s_)_c ;4,_—“—3—@

omls 750 B,b o )las sg2rg (5,5 (5SS

Lot 5545 5 392 03 Stz gl (5 )50 2
Sl 0,0 (Jlie lemieas) SCT 51 Lo slavsly,
aS Sl oaly s sowie Gldllas ol 8L (sl 0l
! 5l s 2)lge Lo a5 SCI a dis ol 81 o
WDgd oo Slgyel slas o Ly g Lacdsae glgl e
VA ) pied [L-1 L IL-6 oglas o 5YL sl
) b, SloiasSa > aas el 55 LLS
el Lol v isuasgs adlie ol j0 oud LY
Slislesl ehng an ool cdb Slislesl as anl caiw;
oz Sosle—ezr am g5—5 S-Sl a sl L=l
dilgs sod sdb Slinley] ol Jls pa s el
o=l b s 650 pgal 5 (Sl Sllas (o SOl
sl g L iy s sl S
ogdle il (60, ac (635 il g Ly
Ayl Glp—ailSe yg—ol o agil slaas 5 il
sl b 098l jobo a9 05 oo el T, ansil
a5 ) londiys () lo S5 Ly
Aol Gy sloSlss Glez j cnl a4 L
S eVlposn Gysle—z @l |y it Lol
Sl— Il 0,5 slo Il slsul 9 SCI )l ,Loap
sl20l SCI ,o s> slople,s uiw)licl Jo—us
3 e el a0 S5l gl lagwl a Sl oS
] A (g0l a s a S ol ] )
).} ‘L}'—"‘ = OS)LC u).—.u.!l.} OOLQ.,.._M:‘ J._Jb u_.n).a MT L_.:
Cnl o Son Sl ] i) sl Sl a5 L
ool wl 0y9s (cmac cauS Cdadle ISl oIl
L ORIV EX NNV P SI0Y - -3 ¥ B TPR W JUC S| -
L olegel ols s 3l aile an gl Sl 1
b Sliobesl jo g il 55 eie Mo e By,
.J.__:J.j )|)._.§ oola__wl S yg—0 l__{bu.él.a u_)‘ M)) 6‘;..:

2 Diffusion Tensor Imaging
27 Magnetic Resonance Spectroscopy

0)5)._40‘ (MRS) Hlm LJ"_)L@)) @51_‘.)91,5.“01
LAJLOUMSUL&J_ZAH)QMH

S S A

Sy slagiagy o Sy pdly So el ol
5 o Akl ooy rselpsaily (st o
St Jlre i slacasl sl i 5 e
o (emas slaals JLas hlen wsbos o
S el oo 5 e 4 45 s d gy B
) i (9 g (emae Sl pley SIS L g o)l
[ RN IO IETN B JUPAE SN NI
pas g 5l il CnlBgan a g L (V4 0) ojlay
5o oldize waly JSloys g sadeid laai] s og >y
T R e
5 Sl ST Gl 8l ;830 5 Sy 4z 0
S5 ol> sl Ul ﬁd—9 2 mlin (Gloys SS9 612
S g pa3 50 g eje ol o amlo céy iy
e Lo 8 plw o als 5l ol o)lge 0,5

iy a5 5,5 el anl olalllae moli 4 arg L
Sladlas g .l glss 19,0 sl g, an asly SIS
al> 1o ;0 SCI a ds ol )31 jo a S asilosls ylid suxe
o, S5 Ll (F9) 0t e 5 a8 5l 00 sl
=10 53 1) o9 o Gl =G slo S
Wy 50 pge il S ol g 0 S sy oo
b —an Lo gleijh aS 050 i ales oo, SLis
VV) aims e ot |y ey e 5 Sl o,
Glaal gl @00 as CSFAS cai] caily Lol () - 52
J=BSCI jLzo ) ow éu} Oy dd> e o o Jl
J—B S=iddem ambe o iml) pr— g il (ol
oolaz__wl JLM U_')’“f))" @S ‘)_’> Sl Lg)la)_m.»w
6)5TH> 05_75 c@_m.») dl@).itl_w.‘ 0‘5_&44 CSF )l

o=l ez =B e b A 6,05 eSOy 3,k


http://shefayekhatam.ir/article-1-2595-fa.html

VFF e 050 o)las quad )l 0)98

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

“o Zd
&
S p—sply> SCI o o Jb Slsole;l oS solal g8
ey 1o Sl oS 5 0 yal S al colyd o
Sy @l 1y oly Csl (- San ()10 gl 5 2lendy )90
oleyd Gilmpards QUlE 5 e S ol 2
Sl (b glozl jo—o (Lo ol L oS g
oS Sl bt Gy e, 5 eslan
Syl og 2y olss gl oje g ol Lol o

1. Yaghoubi F, Vazir B, Hesaraki S, Omidi A,
Hadjighassem M, Jafarian M. Investigating the
Effect of Neuro-Motor Rehabilitation on Myelin
Regeneration after Spinal Cord Injury Model in Rats.

2. Cofano F, Boido M, Monticelli M, Zenga F,
Ducati A, Vercelli A, et al. Mesenchymal stem
cells for spinal cord injury: current options,
limitations, and future of cell therapy. International
journal of molecular sciences. 2019; 20(11): 2698.

3. Griffin JM, Bradke F. Therapeutic repair for

spinal cord injury: combinatory  approaches
to address a multifaceted problem. EMBO
Molecular  Medicine.  2020;  12(3):  el1505.

4.Jafarimanesh MA,AiJ, Shojae S, Khonakdar HA, Darb
EmamiehG,ShirianS.AReviewofTreatmentApproaches
for Spinal Cord Injury Improvement. The Neuroscience
Journal of Shefaye Khatam. 2023; 12(1): 111-20.

5. Abdolahi S, Aligholi H, Shirian S. Cell
Therapy Strategies in the Repair of Spinal
Cord Injury: Pros and Cons. The Neuroscience
Journal of Shefaye Khatam. 2016; 4(1): 55-66.

6. Leister I, Haider T, Mattiassich G, Kramer
JLK, Linde LD, Pajalic A, et al. Biomarkers in
Traumatic  Spinal Cord  Injury-Technical and
Clinical Considerations: A Systematic Review.

Neurorehabil Neural Repair. 2020; 34(2): 95-110.

7. Rodrigues LF, Moura-Neto V, TCLS ES.
Biomarkers in Spinal Cord Injury: from Prognosis
to Treatment. Mol Neurobiol. 2018; 55(8): 6436-48.

8. Haider T, Hoftberger R, Riiger B, Mildner M,
Blumer R, Mitterbauer A, et al. The secretome of
apoptotic human peripheral blood mononuclear
cells attenuates secondary damage following spinal
cord injury in rats. Exp Neurol. 2015; 267: 230-42.

9. Nazerian Y, Nazerian A, Mohamadi-Jahani F, Sodeifi

Ol Smpoe ;0 00l ;53 sla Sam am aa g
J=B b olalesl o criin 4 b 5 5 )len

o9 lalslae Sladlas ay SYL g 6)9‘&‘“.’ =
O a8k g0 sla@ly vl el (gt 0 s
5510 Ly a3 SaS slbael / s ol (cla o]
el o Eodls (658 b g sl st 55
ples (S 0y I il So plgea Lo 1S

&lw
P, Jafarian M, Javadi SAH. Hydrogel-encapsulated
extracellular vesicles for the regeneration of spinal cord
injury. Frontiers in Neuroscience. 2023; 17: 1309172.

10. Yousefifard M, Sarveazad A, Babahajian A, Baikpour
M, Shokraneh F, Vaccaro AR, et al. Potential diagnostic
and prognostic value of serum and cerebrospinal
fluid biomarkers in traumatic spinal cord injury: A
systematic review. J Neurochem. 2019; 149(3): 317-30.

11. Strimbu K, Tavel JA. What are biomarkers?
Curr Opin HIV AIDS. 2010; 5(6): 463-6.

12. Du W, Li H, Sun J, Xia Y, Zhu R, Zhang X, et
al. The Prognostic Value of Serum Neuron Specific
Enolase (NSE) and S100B Level in Patients of Acute
Spinal Cord Injury. Med Sci Monit. 2018; 24: 4510-5.

13. Wu Y, Streijger F, Wang Y, Lin G, Christie S,
Mac-Thiong JM, et al. Parallel Metabolomic Profiling
of Cerebrospinal Fluid and Serum for Identifying
Biomarkers of Injury Severity after Acute Human
Spinal Cord Injury. Sci Rep. 2016; 6: 38718.

Segura-Uribe  JJ,
Salgado-Ceballos H, Orozco-Barrios CE, Coyoy-

14.  Freyermuth-Truyjillo X,

Salgado A. Inflammation: a target for treatment
in spinal cord injury. Cells. 2022; 11(17): 2692.

15. Siddiqui AM, Khazaei M, Fehlings MG.

Translating mechanisms of  neuroprotection,
regeneration, and repair to treatment of spinal cord

injury. Progress in brain research. 2015; 218: 15-54.

16. Ackery A, Tator C, Krassioukov A. A global
perspective on spinal cord injury epidemiology.
Journal of neurotrauma. 2004; 21(10): 1355-70.

17. Guest J, Datta N, Jimsheleishvili G, Gater DR.
Pathophysiology, Classification and Comorbidities
after Traumatic Spinal Cord Injury. Journal

of Personalized Medicine. 2022; 12(7): 1126. ..
‘U\


http://shefayekhatam.ir/article-1-2595-fa.html

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

A\ ) o5 0)lelt (o) lg 2> 0)90

[l

Sosy—= dlza

18. Dias DO, Kalkitsas J, Kelahmetoglu Y, Estrada CP,
Tatarishvili J, Holl D, et al. Pericyte-derived fibrotic
scarringisconservedacrossdiversecentralnervoussystem
lesions. Nature communications. 2021; 12(1): 1-24.

19. Islam F, Bepary S, Nafady MH, Islam M, Emran TB,
Sultana S, et al. Polyphenols targeting oxidative stress
in spinal cord injury: Current status and future vision.
Oxidative Medicine and Cellular Longevity. 2022; 2022.

20. Saadoun S, Papadopoulos MC. Targeted
perfusion  therapy in spinal cord trauma.
Neurotherapeutics. 2020; 17(2): 511-21.

21. Gazdic M, Volarevic V, Harrell CR, Fellabaum
C, Jovicic N, Arsenijevic N, et al.
injury.

journal of molecular sciences. 2018; 19(4): 1039.

Stem cells

therapy for spinal cord International

22. Gashmardi
and Molecular

N, Edalatmanesh MA. Cellular
Mechanisms Involved in
Acute

Neuroscience

2019;  7(4):

Neuroinflammation after Traumatic
Spinal Cord

of  Shefaye

Journal
89-105.

Injury. The
Khatam.

23. Ziegler G, Grabher P, Thompson A, Altmann D, Hupp
M, Ashburner J, et al. Progressive neurodegeneration
following spinal cord injury: implications for
clinical trials. Neurology. 2018; 90(14): e1257-e66.

24. Rowland JW, Hawryluk GW, Kwon B, Fehlings
MG. Current status of acute spinal cord injury
pathophysiology and emerging therapies: promise
on the horizon. Neurosurg Focus. 2008; 25(5): E2.

25. Faden AI, Wu ],
DIJ. Progressive

Stoica BA,
inflammation-mediated

Loane

neurodegeneration after traumatic brain or spinal
cord injury. Br J Pharmacol. 2016; 173(4): 681-91.

26. Payne SC, Bartlett CA, Savigni DL, Harvey AR,
Dunlop SA, Fitzgerald M. Early proliferation does not
prevent the loss of oligodendrocyte progenitor cells
during the chronic phase of secondary degeneration in a
CNS white matter tract. PLoS One. 2013; 8(6): ¢65710.

27. Karimi-Abdolrezaee S, Schut D, Wang J, Fehlings
MG. Chondroitinase and growth factors enhance
activation and oligodendrocyte differentiation of
after
7(5):

precursor cells
2012;

spinal
€37589.

endogenous neural

cord injury. PloS one.

28.  Freyermuth-Trujillo X,
Salgado-Ceballos H, Orozco-Barrios CE, Coyoy-

Segura-Uribe 1],

Salgado A. Inflammation: A Target for Treatment
in Spinal Cord Injury. 022 :29; 11(17): 2692.

29. Li J, Lepski G. Cell transplantation for
spinal  cord injury: a  systematic  review.
BioMed research  international. 2013;  2013.

30. Kramer AS, Harvey AR, Plant GW, Hodgetts SI.
Systematic review of induced pluripotent stem cell
technology as a potential clinical therapy for spinal
cord injury. Cell Transplantation. 2013; 22(4): 571-617.

31. Hulme CH, Brown SJ, Fuller HR, Riddell J,
Osman A, Chowdhury J, et al. The developing
landscape of diagnostic and prognostic biomarkers

fluid
114-25.

for spinal cord injury in

Cord. 2017;

cerebrospinal

and blood. Spinal 55(2):

32. Liu Z, Gao H, Man Y, Zhang X, Chen L,
Yang M, et al. Serum biomarkers in the diagnosis

and prognosis of traumatic spinal cord injury:
A systematic review and meta-analysis. Journal
of  Neurorestoratology.  2025; 13(5):  100227.

33. Badhiwala JH, Wilson JR, Kwon BK, Casha

S, Fehlings MG. A Review of Clinical Trials
in Spinal Cord Injury Including Biomarkers.
J Neurotrauma. 2018; 35(16): 1906-17.

34. Wu Y, Streijger F, Wang Y, Lin G, Christie S, Mac-
Thiong J-M, et al. Parallel Metabolomic Profiling
of Cerebrospinal Fluid and Serum for Identifying
Biomarkers of Injury Severity after Acute Human Spinal
Cord Injury. Scientific Reports. 2016; 6(1): 38718.

35. Kapoor D, Xu C. Spinal Cord Injury AIS Predictions

Using Machine Learning. eNeuro. 2023; 10(1).

36. Shang AJ, Yang Y, Wang HY, Tao BZ, Wang
J, Wang ZF, et al. Spinal cord injury effectively
ameliorated by  neuroprotective  effects  of
rosmarinic acid. Nutr Neurosci. 2017; 20(3): 172-9.

37. Fraussen J, In’t Veld SGJG, van Laake-Geelen
CCM, Depreitere B, Deckers J, Peuskens D, et al.
Profiles Predict
Neurological Outcome in Traumatic Spinal Cord
Injury. Annals of Neurology. 2025; 97(6): 1180-9.

Longitudinal Plasma Biomarker

38. Deulofeu M, Pena-Méndez EM, Vanhara P,
Havel J, Moran L, Peéinka L, et al. Discriminating
fingerprints of chronic neuropathic pain following
spinal cord injury using artificial neural networks and
mass spectrometry analysis of female mice serum.

Neurochemistry International. 2024; 181: 105890.

39. Kwon BK, Stammers AM, Belanger LM,
Bernardo A, Chan D, Bishop CM, et al. Cerebrospinal

fluid inflammatory cytokines and biomarkers


http://shefayekhatam.ir/article-1-2595-fa.html

VFF e 050 o)las quad )l 0)98

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

“0 ol
M
of injury severity in acute human spinal cord

injury. J Neurotrauma. 2010; 27(4): 669-82.

40. Cohen L, Keegan A, Walt DR. Single-Molecule
Arrays for Ultrasensitive Detection of Blood-Based
Thurin M,
Cesano A, Marincola FM, editors. Biomarkers for

Biomarkers for Immunotherapy. In:

Immunotherapy of Cancer: Methods and Protocols.
New York, NY: Springer New York; 2020. p. 399-412.

41. Skinnider
Manouchehri
al. Proteomic

MA, Rogalski J, Tigchelaar S,
N, Prudova A, Jackson AM, et
Portraits ~ Reveal
Conserved and Divergent Responses to Spinal Cord
Injury. Mol Cell Proteomics. 2021; 20: 100096.

Evolutionarily

42. Deulofeu M, Pefia-Méndez EM, Vanhara P,
Havel J, Moran L, Pecinka L, et al. Discriminating
fingerprints of chronic neuropathic pain following
spinal cord injury using artificial neural networks
and mass spectrometry analysis of female mice
2024; 181: 105890.

serum. Neurochem Int.

43. Cortez R, Levi AD. Acute spinal cord injury.

Curr Treat Options Neurol. 2007; 9(2): 115-25.
44, Chen X, Yu D. Metabolomics study of
oral cancers. Metabolomics. 2019; 15(2): 22.

45. Boehl G, Raguindin PF, Valido E, Bertolo A,
Itodo OA, Minder B, et al. Endocrinological and
inflammatory markers in individuals with spinal
cord injury: A systematic review and meta-analysis.
Rev Endocr Metab Disord. 2022; 23(5): 1035-50.

46. Alizadeh A, Dyck SM, Karimi-Abdolrezace
S. Traumatic Spinal Cord Injury: An Overview

of Pathophysiology, Models and Acute Injury
Mechanisms. Front Neurol. 2019; 10: 282.
47. Donato R. S-100 proteins.
Cell Calcium. 1986; 7(3): 123-45.

48. Zigouris A, Kafritsas G, Alexiou GA, Voulgaris S.
Chapter 15-S100bin spinal cord injury. In: RajendramR,
Preedy VR, Martin CR, editors. Diagnosis and Treatment
of Spinal Cord Injury: Academic Press; 2022. p. 191-8.

49. Kwon BK, Streijger F, Fallah N, Noonan
VK, Bélanger LM, Ritchie L, et al. Cerebrospinal
Fluid Biomarkers To Stratify Injury Severity and
Predict Outcome in Human Traumatic Spinal
Cord Injury. J Neurotrauma. 2017; 34(3): 567-80.

50. Dalkilic T, Fallah N, Noonan VK, Salimi Elizei

S, Dong K, Belanger L, et al. Predicting Injury
Severity and Neurological Recovery after Acute
Cervical Spinal Cord Injury: A Comparison of
Cerebrospinal Fluid and Magnetic Resonance Imaging

Biomarkers. J Neurotrauma. 2018; 35(3): 435-45.

51. Pouw MH, Kwon BK, Verbeek MM, Vos PE, van
Kampen A, Fisher CG, et al. Structural biomarkers
in the fluid within 24h after a
traumatic spinal cord injury: a descriptive analysis
of 16 subjects. Spinal Cord. 2014; 52(6): 428-33.

cerebrospinal

52. Wolf H, Krall C, Pajenda G, Leitgeb J, Bukaty
AJ, Hajdu S, et al. Alterations of the biomarker
S-100B and NSE in patients with acute vertebral

spine fractures. Spine J. 2014; 14(12): 2918-22.

53. Schachner M, Hedley-Whyte ET, Hsu DW,
Schoonmaker G, Bignami A. Ultrastructural localization
of glial fibrillary acidic protein in mouse cerebellum by
immunoperoxidaselabeling.JCellBiol. 1977;75(1):67-73.

54.YokoboriS,ZhangZ,MoghiebA,MondelloS,Gajavelli
S, Dietrich WD, et al. Acute diagnostic biomarkers for
spinal cord injury: review of the literature and preliminary
research report. World Neurosurg. 2015; 83(5): 867-78.

55. Leister I, Altendorfer B, Maier D, Mach O, Wutte
C, Grillhosl A, et al. Trajectory of Serum Levels of
Glial Fibrillary Acidic Protein Within Four Weeks Post-
Injury Is Related to Neurological Recovery During
the Transition from Acute to Chronic Spinal Cord
Injury. J Neurotrauma. 2023; 40(9-10): 999-1006.

56. Albayar AA, Roche A, Swiatkowski P,
Antar S, Ouda N, Emara E, et al. Biomarkers
in Spinal Cord Injury: Prognostic Insights and
Front Neurol. 2019; 10:27.

Future Potentials.

57. Ljubisavljevic S, Stojanovic I, Cvetkovic T, Vojinovic
S,StojanovD, Stojanovic D, etal. Glutathionehomeostasis
disruption of erythrocytes, but not glutathione peroxidase
activity change, is closely accompanied with neurological
and radiological scoring of acute CNS inflammation.
Neuroimmunomodulation. ~ 2014;  21(1):  13-20.
58. Davies AL, Hayes KC, Dekaban GA. Clinical
correlates of elevated serum concentrations of cytokines
and autoantibodies in patients with spinal cord injury.
Arch Phys Med Rehabil. 2007; 88(11): 1384-93.

59. Biglari B, Swing T, Child C, Biichler A, Westhauser
F, Bruckner T, et al. A pilot study on temporal
changes in IL-1B and TNF-a serum levels after
spinal cord injury: the serum level of TNF-a in acute

|


http://shefayekhatam.ir/article-1-2595-fa.html

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

—
\~\

Wt

o) 055 0)lons ¢p3 Lo 099

Sosy—= dlza

SCI patients as a possible marker for neurological
remission. Spinal Cord. 2015; 53(7): 510-4.
60. Hurst SM, Wilkinson TS, McLoughlin RM,
Jones S, Horiuchi S, Yamamoto N, et al. II-6 and
its soluble receptor orchestrate a temporal switch
in the pattern of leukocyte recruitment seen during
acute inflammation. Immunity. 2001; 14(6): 705-14.

61. Lacroix S, Chang L, Rose-John S, Tuszynski
MH. Delivery
injured

of hyper-interleukin-6  to the

spinal cord increases neutrophil and
macrophage infiltration and  inhibits  axonal

growth. J Comp Neurol. 2002; 454(3): 213-28.

62. Nakamura M, Okada S, Toyama Y, Okano H.
Role of IL-6 in spinal cord injury in a mouse model.
Clin Rev Allergy Immunol. 2005; 28(3): 197-204.

63. Heller RA, Raven TF, Swing T, Kunzmann K,
Daniel V, Haubruck P, et al. CCL-2 as a possible
early marker for remission after traumatic spinal
cord injury. Spinal Cord. 2017; 55(11): 1002-9.

64. Nagelhus EA, Ottersen OP. Physiological roles of
aquaporin-4 in brain. Physiol Rev. 2013; 93(4): 1543-62.

65. Garcia TA, Jonak CR, Binder DK. The Role of
Aquaporins in Spinal Cord Injury. Cells. 2023; 12(13).

66. Saadoun S,
Aquaporin-4

Papadopoulos MC.
in brain and spinal cord oedema.
Neuroscience. 2010 28; 168(4): 1036-46.
67. Pan Q-L, Lin F-X, Liu N, Chen R-C. The
role of aquaporin 4 (AQP4) in spinal cord injury.
Biomedicine & Pharmacotherapy. 2022; 145: 112384.

68. Tabernero A, Gangoso E, Jaraiz-Rodriguez
M, Medina JM. The role of
Src interaction in

connexin43-
astrocytomas: A molecular
2016;  323:  183-94.

puzzle.  Neuroscience.

69. Freitas-Andrade M, Naus
in neuroprotection and
The role of
Neuroscience.

CC. Astrocytes
neurodegeneration:

connexin43 and
2016; 323:

pannexinl.
207-21.

70. Chen Q, Boire A, Jin X, Valiente M, Er EE,
Lopez-Soto A, et al. Carcinoma-astrocyte gap
promote brain metastasis by cGAMP

2016;  533(7604):  493-8.

junctions

transfer. Nature.

71. O’Carroll
Green CR.
Reduce

SJ, Alkadhi M, Nicholson LFB,

Connexin43  Mimetic  Peptides

Swelling, Astrogliosis, and Neuronal

Cell Death after Spinal Cord Injury. Cell
Communication & Adhesion. 2008; 15(1-2): 27-42.
72. Theriault E, Frankenstein UN, Hertzberg EL,
Nagy JI. Connexin43 and astrocytic gap junctions
in the rat spinal cord after acute compression

injury. J Comp Neurol. 1997; 382(2): 199-214.

73. Zhang C, Yan Z, Maknojia A, Riquelme
MA, Gu S, Booher G, et al. Inhibition of
astrocyte recovery from
2021;  6(5).

hemichannel improves

spinal cord injury. JCI Insight.

74. Hai
Transcription

T, Liu F, Coukos WIJ, Green MR.
factor ATF c¢DNA
extensive family of leucine zipper proteins able

clones: an

to selectively form DNA-binding heterodimers.

Genes & development. 1989; 3(12b): 2083-90.

75. Hunt D, Raivich G, Anderson PN. Activating

transcription factor 3 and the nervous system.

Frontiers in molecular neuroscience. 2012; 5: 7.

76. Hai T, Wolfgang CD, Marsee DK, Allen
AE, Sivaprasad U. ATF3 and stress responses.
2018; 7(4-5-6): 321.

Gene expression.

77. Huang W, George K, Ibba V, Liu M, Averill S, Quartu
M, et al. The characteristics of neuronal injury in a static
compression model of spinal cord injury in adult rats.
European Journal of Neuroscience. 2007; 25(2): 362-72.

78.  Seijffers
increases the

R, Mills
intrinsic

CD, Woolf CJ. ATF3
of DRG
neurons to enhance peripheral nerve regeneration.
Journal of Neuroscience. 2007; 27(30): 7911-20.

growth state

79. Li XY, Feng DF. Diffuse axonal injury:
novel insights into detection and treatment.
J Clin Neurosci. 2009; 16(5): 614-9.

80. Loy DN, Sroufe AE, Pelt JL, Burke DA,
Cao QL, Talbott JF, et al.
for experimental acute spinal cord injury:

Serum biomarkers
rapid
elevation of neuron-specific enolase and S-100beta.
Neurosurgery. 2005; 56(2): 391-7; discussion-7.
81.AhadiR,Khodagholi F, Daneshi A, Vafaeci A, MafiAA,
Jorjani M. Diagnostic Value of Serum Levels of GFAP,
pNF-H, and NSE Compared With Clinical Findings in
Severity Assessment of Human Traumatic Spinal Cord
Injury. Spine (Phila Pa 1976). 2015; 40(14): E823-30.

82. Hayakawa K, Okazaki R, Ishii K, Ueno T, Izawa
N, Tanaka Y, et al. Phosphorylated neurofilament

subunit NF-H as a biomarker for evaluating


http://shefayekhatam.ir/article-1-2595-fa.html

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

VFF e 050 o)las quad )l 0)98

“0 ol
M
the severity of spinal cord injury patients, a

Cord. 2012; 50(7): 493-6.
83. Ungureanu D, Iencean SM, Dimitriu C, Iencean

pilot study. Spinal

AS, Tascu A. Determination of the phosphorylated
neurofilament subunit NF-H (pNF-H) in cerebro-
spinal fluid as biomarker in acute traumatic spinal
cord injuries/Dozarea neurofilamentelor fosforilate
(subunitatea pNF-H)
traumatismul vertebro-medular acut. Revista Romana
de Medicina de Laborator. 2014; 22(3): 377-86.

iIn LCR ca biomarker in

84. Bartholdi D, Schwab ME. Expression of pro-
inflammatory cytokine and chemokine mRNA upon
experimental spinal cord injury in mouse: an in situ
hybridization study. Eur J Neurosci. 1997;9(7): 1422-38.

85. Sonn I, Nakamura M, Renault-Mihara F,
Okano H. Polarization of Reactive Astrocytes in
Response to Spinal Cord Injury is Enhanced by M2
Macrophage-Mediated Activation of Wnt/B-Catenin
Pathway. Mol Neurobiol. 2020; 57(4): 1847-62.

86. Xu J, E X, Liu H, Li F, Cao Y, Tian J, et al.
Tumor necrosis factor-alpha is a potential diagnostic
chronic

biomarker for neuropathic pain after

spinal cord injury. Neurosci Lett. 2015; 595: 30-4.

87. Winnerkvist A, Anderson RE, Hansson
LO, Rosengren L, Estrera AE, Huynh TT, et al
Multilevel
cerebrospinal proteins: indicators of spinal cord

somatosensory evoked potentials and

injury in thoracoabdominal aortic aneurysm surgery.
Eur J Cardiothorac Surg. 2007; 31(4): 637-42.

88. Kuhle J, Gaiottino J, Leppert D, Petzold
A, Bestwick JP, Malaspina A, et al.
neurofilament light

Serum
chain is a biomarker of
human spinal cord injury severity and outcome. J

Neurol Neurosurg Psychiatry. 2015; 86(3): 273-9.

89.Hassanshahi G,Amin M, Shunmugavel A, Vazirinejad
R, Vakilian A, Sanji M, et al. Temporal expression
profile of CXC chemokines in serum of patients with
spinal cord injury. Neurochem Int. 2013; 63(5): 363-7.

90. Wong KR, Mychasiuk R, O’Brien TJ, Shultz SR,
McDonald SJ, Brady RD. Neurological heterotopic
ossification: novel mechanisms, prognostic biomarkers
and prophylactic therapies. Bone Res. 2020; 8(1): 42.

91. Jargensen V, Slettahjell HB, Skavberg Roaldsen
K, Kostovski E.
crosslinks as a prognostic risk factor for fall-related
fractures in individuals with established spinal
cord injury. Spinal Cord. 2019; 57(11): 985-91.

Carboxy terminal collagen

92. Gifre L, Ruiz-Gaspa S, Carrasco JL, Portell E,
Vidal J, Muxi A, et al. Effect of recent spinal cord
injury on the OPG/RANKL system and its relationship
with bone loss and the response to denosumab

therapy. Osteoporos Int. 2017; 28(9): 2707-15.

93. Zhao X, Tang Z, Zhang H, Atianjoh FE, Zhao JY,
Liang L, et al. A long noncoding RNA contributes
to neuropathic pain by silencing Kcna2 in primary
afferent neurons. Nat Neurosci. 2013; 16(8): 1024-31.

94. Cruz CD, Coclho A, Antunes-Lopes T, Cruz F.
Biomarkers of spinal cord injury and ensuing bladder
dysfunction. Adv Drug Deliv Rev. 2015; 82-83: 153-9.

95. MacDiarmid SA, Mcintyre WIJ, Anthony A,
Bailey RR, Turner JG, Arnold EP. Monitoring
of  renal

function in patients with

2000;  85(9):

spinal

cord injury. BJU Int. 1014-8.

96. Krishnan S, Karg PE, Boninger ML, Vodovotz
Y, Constantine G, Sowa GA, et al. Early Detection of
Pressure Ulcer Development Following Traumatic
Spinal Cord Injury Using Inflammatory Mediators.
Arch Phys Med Rehabil. 2016; 97(10): 1656-62.

97. Krishnan S, Vodovotz Y, Karg PE, Constantine
G, Sowa GA, Constantine FJ, et al. Inflammatory
Mediators  Associated ~ With Ulcer
Development in With  Pneumonia

Pressure
Individuals
After Traumatic Spinal Cord Injury: A Pilot Study.
Arch Phys Med Rehabil. 2017; 98(9): 1792-9.

98. Piran S, Schulman S. Thromboprophylaxis in
Patients with Acute Spinal Cord Injury: A Narrative
Review. Semin Thromb Hemost. 2019; 45(2): 150-6.

99. Latifi S, Koushki D, Norouzi Javidan A, Matin
M, Sabour H. Changes of leptin concentration in
plasma in patients with spinal cord injury: a meta-
Cord. 2013; 51(10): 728-31.

analysis.  Spinal

100. Horiuchi M, Okita
Exercise Training Reduces Plasminogen Activator
Inhibitor 1 in People With Spinal Cord Injury.
Arch Phys Med Rehabil. 2017; 98(11): 2174-80.

K. Arm-Cranking

101. Casili G, Impellizzeri D, Cordaro M, Esposito E,
Cuzzocrea S. B-Cell Depletion with CD20 Antibodies
as New Approach in the Treatment of Inflammatory
and Immunological Events Associated with Spinal
Cord Injury. Neurotherapeutics. 2016; 13(4): 880-94.

102. Kwon BK, Bloom O, Wanner IB, Curt A, Schwab
JM, Fawcett J, et al. Neurochemical biomarkers in
spinal cord injury. Spinal Cord. 2019; 57(10): 819-31.

1


http://shefayekhatam.ir/article-1-2595-fa.html

[ Downloaded from shefayekhatam.ir on 2025-12-07 ]

A\ ) o5 0)lelt (o) lg 2> 0)90

é;s_)_c ;4,_—“—3—&

103. Xu Y, Hu Y, Xu S, Liu F, Gao Y. Exosomal

microRNAs as  Potential  Biomarkers  and
Therapeutic Agents for Acute Ischemic Stroke:

New Expectations. Front Neurol. 2021; 12: 747380.

104. Liu X, Zhang Y, Wang Y, Qian T. Inflammatory
Response to  Spinal Cord
World Neurosurg. 2021: 155:

Injury and Its

Treatment. 19-31.

105. Kwon BK, Bloom O, Wanner I-B, Curt A, Schwab
JM, Fawcett J, et al. Neurochemical biomarkers in
spinal cord injury. Spinal Cord. 2019; 57(10): 819-31.

106. Tian T, Zhang S, Yang M. Recent progress
and challenges in the treatment of spinal cord
injury.  Protein  Cell. 2023; 14(9): 635-52.

107. Alvi MA, Pedro KM, Quddusi Al, Fehlings

MG. Advances
Injury Treatments.

Cord
13(14).

and Challenges in Spinal
J Clin Med. 2024;

108. Liu Z, Gao H, Man Y, Zhang X, Chen L,
Yang M, et al. Serum Biomarkers in the Diagnosis
and Prognosis of Traumatic Spinal Cord Injury:
Review  and

A Systematic Meta-Analysis.

Journal of Neurorestoratology. 2025; 13: 100227.

109. Coenen H, Somers V, Fraussen J. Peripheral
immune reactions following human traumatic spinal
cord injury: the interplay of immune activation and

suppression. Front Immunol. 2024; 15: 1495801.


http://shefayekhatam.ir/article-1-2595-fa.html
http://www.tcpdf.org

