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Effects of Embryonic Neural Stem Cell
Therapy on Oxidative and Nitrosative

Stress Biomarkers in Acute and Chronic
Spinal Cord Injured Rats

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Pri mary tra u ma to the spi nal cord trig gers a cas ca de of cel lu lar and mo le cu lar events that
pro mo te tis su e da ma ge and ex pan si on of the le si on for ex ten ded pe ri ods fol lo wing the ini ti al in jury. Oxi da ti ve and
nit ro sa ti ve stres ses play an im por tant ro le in the prog res si on of spi nal cord in jury (SCI). The ex pe ri men tal emb -
ryo nic stem cell (ENSC) the rapy is be ing app li ed to a wi de ran ge of SCIs; ho we ver, the ef fects of the ENSC the r-
apy on oxi da ti ve and nit ro sa ti ve stres ses are not cle ar yet. The re fo re, we ai med to in ves ti ga te the ef fects of ENSC
trans plan ta ti on on an ti o xi dant enz ymes [su pe ro xi de dis mu ta se (SOD), ca ta la se (CAT), glu tat hi o ne pe ro xi da se
(GPX)], nit ric oxi de syntha se (NOS) and nit ric oxi de (NO) le vels. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  An ti o xi dant enz ymes,
NOS ac ti vi ti es and NO le vels we re me a su red by using spec trop ho to met ric met hods in spi nal cord (SC) tis su es of
rats 7 (acu te gro up) and 28 (chro nic gro up) days af ter sur gi cal re sec ti ons of a 10 mm seg ment of the cord be low
T8-T9 and sham-ope ra ti on. RRee  ssuullttss:: SOD le vels of acu te or chro nic con trol, da ma ge and the rapy gro ups did not
show any con si de rab le dif fe ren ces. NOS ac ti vi ti es in acu te and chro nic in jury gro ups in cre a sed as com pa red to
the ir con trol gro ups; si mi larly NO le vels sig ni fi cantly ele va ted af ter acu te and chro nic in jury and stem cell the -
ra pi es. Acu te and chro nic in ju red gro ups had a sig ni fi cantly hig her CAT ac ti vity than the ir con trol gro ups. GPX
ac ti vity in the acu tely in du ced in jury in cre a sed as com pa red to the acu te con trol gro ups. The stem cell the rapy
di mi nis hed GPX ac ti vity in this gro up; ho we ver, it had a sig ni fi cantly hig her le vel of GPX ac ti vity than acu te con-
trols. CCoonncc  lluu  ssii  oonn:: Stem cell the rapy is sug ges ted to ca u se furt her in cre a ses in oxi da ti ve and nit ro sa ti ve stres ses.
App li ca ti on of an ti o xi dants co up led with stem cell the rapy can be used for tre at ment of SCI.

KKeeyy  WWoorrddss::  Emb ryo nic stem cells; spi nal cord inju ri es; ca ta la se; nit ric oxi de

ÖÖZZEETT  AAmmaaçç::  Omu ri li ğe uy gu la nan bi rin cil trav ma, bu ha sa rın baş lan gı cın dan iti ba ren iler le yen za man di lim le -
rin de lez yo nun ya yıl ma sı ve do ku ha sa rı nın iler le me si ni sağ la yan hüc re sel ve mo le kü ler olay la rın baş la ma ba sa -
mak la rı nı te tik ler. Ok si da tif ve nit ro sa tif stres omu ri lik ha sa rı nın iler le me sin de önem li rol oy nar. Gü nü müz de
de ney sel em bri yo nik nö ral kök hüc re te da vi si omu ri lik ha sar la rın da yay gın ola rak uy gu lan mak ta dır, bu na rağ -
men bu te da vi nin ok si da tif ve nit ro sa tif stres üze ri ne olan et ki le ri he nüz tam ola rak bi lin me mek te dir. Bu ne den -
le ENSC te da vi si nin an ti ok si dan en zim ler [sü pe rok sit dis mu taz (SOD), ka ta laz (CAT), glu tat yon pe rok si daz (GPX)],
nit rik ok sit sen taz (NOS) ve nit rik ok sit (NO) dü zey le ri üze rin de ki et ki le ri ni araş tır ma yı he def le dik. GGee  rreeçç  vvee
YYöönn  tteemm  lleerr:: Bu amaç la, em bri yo nik nö ral kök hüc re uy gu la ma sı nın et ki le ri ni an ti ok si dan en zim ler ile NO sen taz
ak ti vi te le ri ve NO dü zey le ri ni 7 (akut grup) ve 28 (kro nik grup) gün lük trav ma lı ve kon trol sı çan la rı nın T8-T9
omu ri lik böl ge si nin cer ra hi re zek si yon so nu cu el de edi len, 10 mm'lik bir seg ment do ku sun da spek tro fo to met rik
yön tem ler kul la na rak ölç tük. BBuull  gguu  llaarr:: SOD dü zey le ri akut ve kro nik kon trol le re kı yas la ne ha sar lı böl ge de, ne
de te ra pi gör müş grup ta de ğiş me miş tir. NOS ak ti vi te si hem akut hem de kro nik kon trol le re gö re akut, kro nik ve
te da vi gör müş grup lar da art mış tır, bu nun la bir lik te NO dü zey le ri de sa yı lan grup lar da yük sel miş tir. Ken di kon -
trol grup la rı na gö re tüm ha sar lı grup lar da CAT ak ti vi te si art mış tır. GPX ak ti vi te si akut ha sar lı grup ta yük sel miş,
te ra pi GPX ak ti vi te si ni azalt ma sı na rağ men yi ne de so nuç lar akut kon trol grup tan yük sek bu lun muş tur. SSoo  nnuuçç::
Kök hüc re te da vi si ok si da tif/nit ro sa tif stres gös ter ge le ri ni art tır mış tır. Kök hüc re uy gu la ma la rı nın te da vi si için,
an ti ok si dan mad de ler ile bir lik te uy gu lan ma sı yo lu na gi di le bi lir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Em bri yo nik kök hüc re ler; omu ri lik ha sa rı; ka ta laz; nit rik ok sit
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ra u ma tic in jury of the cen tral ner vo us sys-
tem (CNS) re sults in the de la yed dysfunc ti -
on and de ath of ne u ro nal po pu la ti on ne ar

and dis tant to the si te of in jury.1 Tra u ma tic spinal
cord injury (SCI) ca u ses tis su e da ma ge thro ugh
both pri mary and se con dary mec ha nisms. The pri-
mary mec ha ni cal in jury re sults in da ma ge to ne u -
ro nal and vas cu lar tis su e. Most of the da ma ge that
fol lows the pri mary mec ha ni cal in jury is exa cer ba -
ted by se con dary mec ha nisms such as glu ta ma te
ex ci to to xi city, isc he mi a, ede ma, Ca2+ over lo ad,
com pro mi sed energy me ta bo lism, and oxi da ti ve
stress.1-3 Ne u ro lo gi cal dysfunc ti on of ten re sults mo -
re from se con dary chan ges than from pri mary ne -
u ro nal da ma ge. Af ter SCI, re ac ti ve oxy gen spe ci es
(ROS) and re ac ti ve nit ro gen spe ci es (RNS) are ge -
ne ra ted thro ugh a se ri es of cel lu lar path ways by in-
f lam ma tory cells, inc lu ding NADPH oxi da se, nit ric
oxi de syntha se (NOS), phosp ho li pa se A2-cyclo oxy -
ge na se, and the Fen ton and Ha be r- We iss re ac ti ons,
le a ding to the for ma ti on of ROS such as su pe ro xi -
de ani on (O2

·), hydro gen pe ro xi de (H2O2), pe roxy -
nit ri te (ONO O·-), and hydroxyl ra di cal (OH).4-6

NO is known to be clo sely in vol ved in the de-
ve lop ment of post-tra u ma tic spi nal cord ca vi ta ti on
as well as pla ying an im por tant ro le in the de ve -
lop ment of the se con dary pat ho lo gi cal pro cess in
vi vo.4,7,8 This is oc ca si o ned by an ti o xi dant dep le ti -
on and/or ex cess pro duc ti on of oxy gen fre e ra di cals
and NO at the zo ne of in jury. Oxy gen fre e ra di cals
avidly re act with NO to pro du ce highly re ac ti ve
and cyto to xic pro ducts, na mely, ONO O- and pe r-
oxy nit ro us acid (ONO OH). 

Oxy gen fre e ra di cals and ONOO can ca u se cy-
to to xi city by da ma ging li pids, pro te ins and nuc le -
ic acids.3,9 Furt her mo re, NO-in du ced pat ho logy has
be en lin ked with a lar ge up re gu la ti on of NOS3. As
no ted ear li er, oxi da ti ve and nit ro sa ti ve stress play a
ma jor part in con ti nu o us ex pan si on of spi nal cord
le si on af ter the ini ti al in jury.1-3

Emb ryo nic ne u ral stem cells (ENSCs), which
exist in va ri o us re gi ons of the CNS thro ug ho ut the
mam ma li an li fes pan, can be ex pan ded and in du ced
to dif fe ren ti a te in to ne u rons and gli a in vit ro and in
vi vo. Be ca u se of the se pro per ti es, the re has be en in-

cre a sing in te rest in the iden ti fi ca ti on and cha rac te ri -
za ti on of ENSCs and ne u ral pro ge ni tor cells both for
ba sic de ve lop men tal bi o logy stu di es and for the ra pe -
u tic app li ca ti ons to the da ma ged SC.10,11 Trans plan -
ta ti on of ne u ral stem cells or the ir de ri va ti ves in to a
host bra in and the pro li fe ra ti on and dif fe ren ti a ti on
of en do ge no us stem cells by phar ma co lo gi cal ma ni -
pu la ti ons are po ten ti al tre at ments for many ne u ro -
de ge ne ra ti ve di se a ses and bra in in ju ri es, such as
Par kin son’s di se a se, bra in isc he mi a and spi nal cord
in jury.11,12 The ENSC the rapy is app li ed ex pe ri men -
tally to a wi de ran ge of SCIs; ho we ver, ef fects of the
ENSC the rapy on oxi da ti ve stress that is an im por -
tant se con dary mec ha nism in SCI, is not well known
yet.12 In the pre sent study, ef fects of the ENSC the r-
apy on NOS ac ti vity and NO le vel, as well as the ma -
in an ti o xi dant enz ymes, na mely superoxide
dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPX) ac ti vi ti es we re in ves ti ga ted in the
spi nal cord tis su e of rats ob ta i ned 7 and 28 days af ter
spi nal cord tran sec ti on. The re sults we re com pa red
with the cor res pon ding sham-ope ra ted gro ups.

MA TE RI AL AND MET HODS

SUB JECTS

This study was ap pro ved by the Lo cal Et hics Com-
mit te e of the Uni ver sity Hos pi tal and was car ri ed
out in the Ani mal Re se arch La bo ra tory of Ege Uni-
ver sity, Faculty of Me di ci ne, Iz mir, Tur key. All
pro ce du res con for med to the re com men da ti ons of
the Dec la ra ti on of Hel sin ki on ca re and use of ani -
mals. All ani mals we re kept in well ven ti la ted, hu-
mi di fi ed and tem pe ra tu re con trol led ro oms with
12/12-h light/dark cycles. Thirty adult fe ma le Spra -
gu e-Daw ley rats we ig hing bet we en 250 to 270
grams we re inc lu ded in the study. The ani mals we -
re ran domly al lo ca ted in to 6 gro ups. 

Gro up 1: Sham (chro nic pe ri od) (n= 5),

Gro up 2: Spi nal cord tran sec ti on only (chro -
nic pe ri od) (n= 5), 

Gro up 3: Spi nal cord tran sec ti on fol lo wed by
ENSCs app li ca ti on in to the le si on si te 9 days af ter
tran sec ti on and fol lo wed up for 28 days af ter the
ope ra ti on (chro nic pe ri od) (n= 5), 

Gro up 4: Sham (acu te pe ri od) (n= 5),



Gro up 5: Spi nal cord tran sec ti on only (acu te
pe ri od) (n= 5),

Gro up 6: Spi nal cord tran sec ti on fol lo wed by
ENSCs app li ca ti on in to the le si on si te 9 days af ter
tran sec ti on and fol lo wed up for 7 days af ter the op-
e ra ti on (acu te pe ri od) (n= 5).

PRE PA RA TI ON OF EMBRYONIC NEURAL STEM CELLS FOR
TRANS PLAN TA TI ON 

ENSCs (NRP and GRP-ne u ro nal and gli al res tric -
ted pre cur sors cells) we re iso la ted from rats on
emb ryo nic day 13.5. The pre pa ra ti on of NRPs and
GRPs was des cri bed pre vi o usly.13,14 Bri efly, emb -
ryos we re iso la ted in DMEM/F-12. Trunk seg-
ments we re in cu ba ted in col la ge na se type
I/dis pa se II/HBSS (Hank’s buf fe red salt so lu ti on),
for 8 min at ro om tem pe ra tu re to re mo ve me nin -
ges from the cords. Cords we re dis so ci a ted using a
0.05% trypsin/ED TA (in vit ro gen) so lu ti on for 20
min at 37°C. Cells we re then pla ted in comp le te
me di um [(DMEM/F-12, bo vi ne se rum al bu mi ne
(BSA), B27, fib rob last growth fac tor (ba sic FGF),
pe ni cil li n-s trep tomy cin, N2, and ne u rot rop hin-
3] on poly-L-lysi ne and La mi nin-co a ted dis hes.
Af ter dis sec ti on, NRP and GRP we re co-cul tu red
for 5-10 days in the comp le te me di um to ge ne ra -
te a mi xed po pu la ti on for graf ting. Pre vi o us stu d-
i es14,15 ve ri fi ed that the se cul tu res con ta i ned only
pre cur sors and we re de vo id of mul ti po tent stem
cells and ma tu re cell types. NRPs and GRPs we re
dis so ci a ted from cul tu re flasks using 0.05%
trypsin/ED TA, we re was hed, and re sus pen ded at
a con cen tra ti on of 100.000 cells/µL (in ba sal me -
di a) for trans plan ta ti on. 

Cells we re pla ced on ice thro ug ho ut the graf t-
ing ses si on and we re graf ted in NRP/GRP (1:3). Af -
ter the comp le ti on of the graf ting ses si on, cell
vi a bi lity was as ses sed using the trypan blu e as say.
Vi a bi lity was al ways >90%. The com po si ti on of the
NRP/GRP cul tu res, with res pect to the ab sen ce of
ma tu re cells, was ve ri fi ed be fo re graf ting by sta i -
ning for the ma tu re ne u rons (ne u ral-spe ci fic nuc -
le ar pro te in), as trocy tes (gli al fib ril lary aci dic
pro te in), and oli go den drocy tes (re cep tor in te rac -
ting pro te in). The pu rity of the cul tu re with res -
pect to li ne a ge-res tric ted pre cur sors was ve ri fi ed

by sta i ning for the im ma tu re ne u ral mar ker nes tin,
and the ra ti o of NRP to GRP was de ter mi ned by
the ir cor res pon ding mar kers, emb ryo nic ne u ral
cell ad he si on mo le cu le and A2B5.

PRO CE DU RE OF SPINAL CORD INJURY

Fol lo wing anest he si a with in tra mus cu lar ke ta mi ne
(50 mg/kg) + xyla zi ne (5 mg/kg), lo west ribs and
the ver teb ra e we re at tac hed to be iden ti fi ed. A 2
cm dor sal mid li ne in ci si on was per for med and ver-
teb ral body was ex po sed. The pa ras pi nal musc les
we re dis sec ted from the spi nal pro cess and we re re-
t rac ted la te rally. Fol lo wing la mi nec tomy of the T8-
T9 ver teb ras, the spi nal cord was comp le tely
sec ti o ned with an iris scis sors. To comp le te sec ti on
of the spi nal cord a 5 mm gap was ma de bet we en
the pro xi mal and dis tal ends and col la gen mat rix
was pla ced in-bet we en. The pa ras pi nal musc les
we re jo i ned in the mid li ne and the skin in ci si on
was clo sed with 4-0 cat gut su tu re. Body tem pe ra -
tu re was kept at 37°C du ring and wit hin the first
24 ho urs af ter the ope ra ti on by using a hot pla te.
In tra mus cu lar am pi cil lin (150 mg/kg) was used for
proph yla xis for the next 7 days.

EMBRYONIC NEURAL STEM CELL TRANS PLAN TA TI ON

1 x 106 ENSCs we re trans plan ted by col la gen mat -
rix in to le si on si te ni ne days af ter tran sec ti on bet -
we en early and la te pe ri od.

POST-OPE RA TI VE CA RE OF THE ANI MALS

Each rat was ho u sed in di vi du ally in a ca ge with a
dry flo or and ma te ri al that pre vents for ma ti on of
de cu bi tus ul cers. The po si ti ons of the rats we re
chan ged twi ce a day in the first we ek. Af ter the op-
e ra ti on the blad der was emp ti ed every 8 ho urs un -
til ref lex mic tu ri ti on was res to red for two we eks
and twi ce da ily af ter wards.

IM MU NO SUP PRES SI ON WITH CYCLOS PO RIN A

All ani mals re ce i ved sub cu ta ne o us ad mi nis tra ti on
of cyclosporin (CsA) in jec ti on so lu ti on (San dim -
mu ne, No var tis) 1 mg/100 g per 24 h, star ting 3
days be fo re the trans plan ta ti on and con ti nu ing for
2 we eks af ter trans plan ta ti on. Af ter this, oral CsA
so lu ti on (50 µg/mL) was ad mi nis te red thro ugh the
drin king wa ter un til the ani mals we re sac ri fi ced. 
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CHE MI CAL MA TE RI ALS

DMEM-F-12, col la ge na se Type I, dis pa se II, HBSS,
BSA, B27, ba sic FGF, pe ni cil li n-s trep tomy cin, ne -
u rot rop hin-2, and ne u rot rop hin-3 we re purc ha sed
from Sig ma Che mi cal Co., (St. Lo u is, MO, USA).
GPX ac ti vity was de ter mi ned by a com mer ci al en-
z yme kit (Ran sel, RAN DOX/RS-504 (Ran dox La b-
o ra to ri es, Crum lin, UK) and SOD ac ti vity was
de ter mi ned by a com mer ci al enz yme kit Ran sod,
RAN DOX/SD-125 (Ran dox La bo ra to ri es). NOS ac-
ti vity was me a su red by a com mer ci al enz yme kit
(Bi oxy tech Nit ro sa ti ve Test Kits, Oxis In ter na ti o -
na le Inc., Port land, USA) and NO le vel was de ter -
mi ned by using a com mer ci al kit (Bi oxy tech
Nit ro sa ti ve Test Kits, Oxis La bo ra to ri es).

SPI NAL CORD TIS SU E COL LEC TI ON

At the end of the day 7 and day 28 ob ser va ti on pe-
ri od, le si o ned re gi on of the spi nal cord (10 mm long
seg ments) or ENSCs trans plan ted re gi on we re col-
lec ted in the in jury and tre at ment gro ups un der
anest he si a with in tra mus cu lar ke ta mi ne (50 mg/kg)
+ xyla zi ne (5 mg/kg). In the sham ope ra ted con trol
gro up, a cor res pon ding 2 cm long seg ment of the
spi nal cord was col lec ted. The se spi nal cord tis su e
samp les we re used for the analy ses.

PRE PA RA TI ON OF SPI NAL CORD EX TRACTS

Ho mo ge na tes (1:10, w/v) of spi nal cord seg ments
we re pre pa red in cold phosp ha te buf fer (PBS, 0.01
M; pH: 7.4) at 4°C using a poly tron ho mo ge ni zer.
Ho mo ge na tes we re cen tri fu ged at 15.000 g for 15
min at 4 °C. Con cen tra ti on of so lub le pro te in in po -
o led samp les was de ter mi ned by the met hod des -
cri bed by Lowry et al.,16 using bo vi ne se rum
al bu min (BSA) as a stan dard.

MET HODS
Catalase Ac ti vity

The CAT ac ti vity was de ter mi ned spec trop ho to -
met ri cally ac cor ding to Ae bi et al.17 The re ac ti on
mix tu re con sis ted of 1 mL PBS (50 mM, pH: 7.00)
and 2 mL of di lu ted tis su e ho mo ge na te. The mix tu -
re was in cu ba ted at 25°C for 3 min and the re ac ti -
on was star ted by the ad di ti on of 1 mL of 30 mM
H2O2. The de com po si ti on of H2O2 was fol lo wed
di rectly by the dec re a se in ab sor ban ce at 240 nm

at 25°C me a su red at tem pe ra tu re-con trol led Shi-
mad zu UV-1601 spec trop ho to me ter. The re sults
we re ex pres sed as Ae bi Unit (AU) /mg pro te in. 

Superoxide Dismutase Ac ti vity

This met hod emp loys xant hi ne and xant hi ne oxi -
da se (XOD) to ge ne ra te su pe ro xi de ra di cals which
re act with 2-(4-io dop henyl)-3-(4-nit rop he no)-5-
pheny ltet ra zo li um-chlo ri de to form the red for ma -
zan dye. The SOD ac ti vity was me a su red by the de-
g re e of in hi bi ti on of this re ac ti on and was
ex pres sed as U/mg pro te in.

Glutathione Peroxidase Ac ti vity

In this met hod, GPX ca taly ses the oxi da ti on of re-
du ced glu tat hi o ne (GSH) by H2O2. In the pre sen -
ce of glu tat hi o ne re duc ta se (GR) and ni co ti na mi de
ade ni ne di nuc le o ti de phosp ha te (NADPH), oxi di -
zed glu tat hi o ne (GSSG) is im me di a tely con ver ted
to the re du ced form with a con co mi tant oxi da ti on
of NADPH to NADP+. The dec re a se in ab sor ban ces
at 340 nm was me a su red spec trop ho to met ri cally
and was ex pres sed as U/mg pro te in.

Nitric Oxide Synthase Ac ti vity

The prin cip le of this as say is ba sed on the me a su -
re ment of NO2 pro du ced in the samp le du ring a ti -
med re ac ti on com pa red with a he at-inac ti va ted
con trol samp le. Nit ra te re duc ta se was uti li zed for
the enz yma tic re duc ti on of nit ra te to nit ri te. Spec-
trop ho to met ric qu an ti ta ti on of nit ri te using Gri ess
Re a gents is stra igh tfor ward and sen si ti ve. In aci dic
so lu ti on, nit ri te con verts to HNO2, which di a zo ti -
es sul fa ni la mi de. This sul fo ni la mi de-di a zo ni um salt
then re acts with N-(1-Naphthyl)-eth yle ne di a mi ne
to pro du ce a chro mop ho re which was me a su red at
540 nm and was ex pres sed as nmol/mg pro te -
in/min.

Me a su re ment of No Le vels

This kit emp loys gra nu lar cad mi um me tal for che -
mi cal re duc ti on of nit ra te to nit ri te pri or to qu an -
ti ta ti on of nit ri te using Gre iss re a gent. In acid
so lu ti on, nit ri te con verts to HNO2 which di a zo ti zes
sul fa ni la mi de. This sul fo ni la mi de-di a zo ni um salt
was then re acts with N-(1-Naphthyl)-eth yle ne di a -
mi ne to pro du ce a chro mop ho re, which was me a -
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su red at 540 nm and was ex pres sed as mmol/mg
pro te in.

Light Mic ros co pe and Nissl Sta i ning

Spi nal cord was re mo ved from the ani mal, fol lo -
wed by cryop ro tec ti on in 30% suc ro se (Fis her)/0.1
M phosp ha te buf fer at 40C for 3 days. The tis su e
was em bed ded in OCT (Fis her), fast fro zen with
dry ice, and sto red at -800C un til pro ces sed. Spi nal
cord tis su e blocks we re cut in the trans ver se pla ne
at 20 µm thick nes ses. Sec ti ons we re col lec ted on
ge la tin co a ted glass sli des and we re sto red at -800C.
Nissl sta i ning was used to de mons tra te Nissl subs -
tan ce in tis su e sec ti ons. Nissl subs tan ce is lost af ter
cell in jury and if the axon de ge ne ra tes, the mye lin
co ve ring al so bre aks down .

Statistical Analy sis

Re sults are ex pres sed as me an ± stan dard er ror of
me ans (SEM), or me ans with 95% con fi den ce in-
ter val (CI), whe re ap prop ri a te. Dif fe ren ces in out-
co me me a su res bet we en the gro ups we re exa mi ned
by the Stu dent’s t-test, one way and mul ti va ri a te
analy sis of va ri an ces (ANO VA) and post hoc Bon-
fer ro ni tests. A p va lu e < 0.05 was con si de red sta tis-
ti cally sig ni fi cant. The sta tis ti cal analy sis was
car ri ed out using the Sta tis ti cal Pac ka ge for So ci al
Sci en ces (SPSS) Ver si on 13.0 for Win dows (SPSS
Inc, USA). 

RE SULTS

Com pa ri sons bet we en SOD le vels of acu te or
chro nic con trol, da ma ge and the rapy gro ups did
not show any con si de rab le dif fe ren ces (p> 0.05),
which pre sents a com pro mi se with the re sults of
the fol lo wing stu di es (Fi gu re 1). NOS ac ti vi ti es in
acu te and chro nic in jury gro ups in cre a sed as
com pa red to the ir con trol gro ups (p< 0.01) and
con ti nu ed to in cre a se fol lo wing the stem cell the -
rapy (p< 0.01) (Fi gu re 2). In the sa me way, NO le -
vels sig ni fi cantly ele va ted af ter acu te and chro nic
in jury and stem cell the ra pi es (p< 0.01) (Fi gu re
3). Acu te and chro nic in ju red gro ups ha ve a sig-
ni fi cantly hig her CAT ac ti vity than the ir con trol
gro ups (p< 0.01) (Fi gu re 4). The stem cell the rapy
app li ed both to acu te and chro nic gro ups furt her
in cre a sed CAT ac ti vity (p< 0.01) than the ir con-

trol gro ups (p< 0.01). GPX ac ti vity in the acu tely
in du ced in jury in cre a sed as com pa red to the acu -
te con trol gro ups (p< 0.01), (Figure 6). The stem
cell the rapy di mi nis hed GPX ac ti vity in this gro -
up; ho we ver, it had a sig ni fi cantly hig her le vel of
GPX ac ti vity than acu te con trols (p< 0.01). GPX
ac ti vi ti es of chro ni cally in ju red gro ups we re sig-
ni fi cantly hig her than the ac ti vi ti es of the con-
trol gro up (p< 0.05 ve p< 0.01). All the re sults of
this study are sum ma ri zed in Tab le 1.

FI GU RE 1: Ef fects of ENSC the rapy on SOD ac ti vi ti es of acu te and chro nic
le si on re gi on in SC tis su e (ASO: Acu te sham ope ra ted, AI: Acu te in jury gro -
up, AI + SCT: Acu te in jury +stem cell the rapy gro up, CSO: Chro nic sham op-
e ra ted, CI: Chro nic in jury gro up, CI + SCT: Chro nic in jury + stem cell the rapy
gro up). The da ta rep re sent the me an ± S.E.M. SOD ac ti vi ti es did not show
sig ni fi cant dif fe ren ces bet we en study gro ups (p> 0.05).

FI GU RE 2: Effects of ENSC therapy on NOS activities of acute and chronic
lesion region in SC tissue. The data represent the mean ± S.E.M. (ASO:
Acute sham operated, AI: Acute injury group, AI + SCT: Acute injury +
stem cell therapy group, CSO: Chronic sham operated, CI: Chronic injury
group, CI + SCT: Chronic injury + stem cell therapy group). NOS activities
in acute and chronic injury groups increased as compared to their control
groups (p< 0.01) and continued to increase following the stem cell therapy
(p< 0.01).



DIS CUS SI ON

Con si de ring pre vi o us in ves ti ga ti ons, the re has be -
en no study on the ef fects of the ENSC the rapy on
an ti o xi dant enz ymes, NOS ac ti vity and NO le vels
of the acu te and chro nic SCI rats. This study is the
first to exa mi ne the ef fects of ENSC the rapy on
CAT, GPX, SOD, NOS ac ti vi ti es and NO le vels.

A comp le te tran sec ti on of the spi nal cord re-
sults in an im me di a te loss of all vo lun tary so ma tic
and au to no mic mo tor con trol as well as loss of all
sen sory in put from be low the le si on. Alt ho ugh se -
ve ral tre at ment stra te gi es are be ing exp lo red,3,18 at
pre sent no ef fec ti ve the rapy is ava i lab le for SCI.
Ho we ver, use of ex pe ri ment mo dels of SCI and
ad van ces in un ders tan ding of the se con dary mec -
ha nisms of in jury may le ad to gre a ter prog ress in
this are a.2,19 ENSCs are a po ten ti al the ra pe u tic so -
ur ce for cel lu lar trans plan ta ti on be ca u se of the ir
sta bi lity in vit ro thro ugh mul tip le pas sa ges wit h-
o ut loss of the ir mul ti po tent na tu re. Furt her mo re,
it is pos sib le to in du ce them to dif fe ren ti a te in to
en ric hed po pu la ti ons of gli al or ne u ral pro ge ni -
tors.20-23 ENSC the rapy used au to lo go us he ma to -
po i e tic pro ge ni tor stem cells in or der to avo id the
prob lems as so ci a ted with im mu no lo gic re jec ti on
and graft ver sus-host (GVH) re ac ti ons, which are
fre qu ently ca u sed by al log raft the rapy.24 Thus, it
may be pos sib le to de sign stem cell trans plants
cus to mi zed to re pa ir qu i te spe ci fic fo cal le si ons in
the in ju red CNS.19,22

Nissl sta i ning re sults are pre sen ted in Fi gu re 6.
The pic tu res sho wing ne u ro nal cel lu lar de ve lop -
ment ex pec ted from both gro ups we re ob ta i ned by
Oly mpus B x 50 mic ros co pe in 10-fold mag ni fi-
ca ti on.

Ac cor ding to the re sults of this study, in gro -
ups with da ma ge and stem cell trans plan ta ti ons,
NOS, CAT and GPX ac ti vi ti es and NO le vels in cre -
a sed. SOD ac ti vity did not vary in both chro nic and
acu te da ma ge and the rapy gro ups; this in di ca tes
that an ti o xi dant enz yme ac ti vi ti es in cre a se in the
si te of da ma ge to com pen sa te for re ac ti ve oxy gen
spe ci es re le a sed du e to both chro nic and acu te spi -
nal cord in ju ri es in a ge ne ral pic tu re. 
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FI GU RE 3: Ef fects of embryonic neural stem cell the rapy on NO le vels of acu -
te and chro nic le si on re gi on in SC tis su e. The da ta rep re sent the me an ± S.E.M.
(ASO: Acu te sham ope ra ted, AI: Acu te in jury gro up, AI + SCT: Acu te in jury +
stem cell the rapy gro up, CSO: Chro nic sham ope ra ted, CI: Chro nic in jury gro -
up, CI + SCT: Chro nic in jury + stem cell the rapy gro up) NO le vels sig ni fi cantly
ele va ted af ter acu te and chro nic in jury and stem cell the ra pi es (p< 0.01). 

FI GU RE 4: Effects of embryonic neural stem cell therapy on CAT activities of
acute and chronic lesion region in SC tissue. The data represent the mean ±
S.E.M. (ASO: Acute sham operated, AI: Acute injury group, AI + SCT: Acute in-
jury + stem cell therapy group, CSO: Chronic sham operated, CI: Chronic injury
group, CI + SCT: Chronic injury + stem cell therapy group). Catalase activities sig-
nificantly elevated after acute and chronic injury and stem cell therapies (p< 0.01).

FI GU RE 5: Effects of embryonic neural stem cell therapy on glutathione per-
oxidase activities of acute and chronic lesion region in SC tissue. The data rep-
resent the mean ± S.E.M. (ASO: Acute sham operated, AI: Acute injury group,
AI + SCT: Acute injury + stem cell therapy group, CSO: Chronic sham operated,
CI: Chronic injury group, CI + SCT: Chronic injury + stem cell therapy group).
Stem cell therapy diminished GPX activity in the AI + SCT group (p� 0.01), but
GPX activities of chronically injured groups were significantly higher than those
of the sham operated group (p< 0.01).



Tas ki ran et al.25 re por ted that the SOD le vels in
the le si on did not chan ge two days af ter SCI in rats
(2000). Le e and as so ci a tes2 fo und that SOD ac ti vity
in the si te of spi nal cord in jury in rats did not vary
du ring the fol low-up from the first day thro ugh the
fo urth month. Kay nar et al.5 me a su red SOD, GPX
and CAT ac ti vi ti es at dif fe rent ti mes (1 hours, 4
hours and 24 hours) fol lo wing stan dar di zed and re-
ver sib le ex pe ri men tal spi nal in jury in the rat. They
fo und that the enz yme ac ti vi ti es in the ros tral, le si -
o ned and ca u dal seg ments we re in dif fe rent whe re -
as CAT ac ti vity disp la yed a pro mi nent in cre a se in
ge ne ral. The ir fin dings in di ca ted that H2O2 or its ra -
di cal spe ci es we re not the ca u sa ti ve fac tors in tis su -
e bre ak down in ex pe ri men tal spi nal tra u ma. Az bill
et al.1 sho wed evi den ce of oxi da ti ve stress, mi toc -
hon dri al dysfunc ti on, in cre a sed CAT ac ti vity but
unc han ged SOD ac ti vity in the rat spi nal cord tis su -
e ob ta i ned 24 hours af ter tra u ma tic SCI. 

Di az-Ru iz et al26 re por ted that NOS ac ti vity in-
cre a sed at 4 and 8 ho urs af ter tra u ma-in du ced SCI
rats as com pa red with con trols. Anot her study ob-
ser ved that NOS ac ti vity in cre a sed fol lo wing chro -
nic six-we ek in jury in T8-10 si te in ra tes.3 Ha ma da
et al de mons tra ted that NO le vels me a su red im me -
di a tely af ter the in jury in du ced in spi nal cord of
rats de mons tra ted a gre a ter in cre a se than in the
con trol gro up.27 Li u28 re por ted that NO le vels in-
cre a sed in the tis su e fol lo wing SCI in du ced by we -
ight-drop met hod. 

Low NO le vels help re gu la te ne u rop ro tec ti ve
ne u rot rans mis si on in the ner vo us system; ho we -
ver, ne u ro de ge ne ra ti ve di sor ders such as Par kin -
son and Alz he i mer di se a ses in cre a se NOS ac ti vity,

with high le vels of NO be ing synthe si zed. The re -
fo re, many nit ro gen-de ri ved fre e ra di cals con tri -
bu te to in cre a sed ne u ro de ge ne ra ti on as well.
Ele va ted NO le vels and NOS ac ti vi ti es ha ve ne u ro -
de ge ne ra ti ve im pacts on tis su e, which in com bi na -
ti on with fre e ra di cals al so in du ce DNA da ma ge,
cyto to xi city, nec ro sis and apop to sis in cel lu lar
struc tu re.2 Sin ce SOD enz yme ac ti vi ti es did not in-
cre a se suf fi ci ently in both acu tely and chro ni cally
in ju red rats and stem cell trans plan ted the rapy gro -
ups, this study sho wed that su pe ro xi de ani on in the
me di um co uld not be ef fi ci ently eli mi na ted and a
sig ni fi cant amo unt of NO pos sibly tur ned in to pe -
roxy nit ri te le a ding to in cre a sed ne u ro to xic ef fect
in the le si on si te. The re fo re, we may sug gest that
ad ding NOS in hi bi tors as well as an ti o xi dant subs -
tan ces in to the me di um can be use ful to in cre a se
the chan ce of suc cess in the stem cell the rapy. 

In a study in rats, which we re tra u ma ti cally
in ju red at T-10 of the spi nal cord, CAT ac ti vi ti es at
1, 4 and 24 ho urs af ter the in jury we re in du ced. Ac-
cor dingly, CAT ac ti vity re ma i ned the sa me as that
of the con trol at the first ho ur but in cre a sed la ter.1
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SOD Activity NOS Activity NO Levels CAT Activity GPX Activitiy

Study Groups (U/mg proteine) (nmol/mg)proteine/min) µmol/mg proteine) (U/mg proteine) (U/mg proteine)

Acute injury (AI) 56.163 ± 5.120 1.375 ± 0.038 3.680 ± 0.461* 0.023 ± 0.004* 16.837 ± 0.386

Acute injury + stem cell therapy (AI + SCT) 59.480 ± 4.681 (NS) 2.142 ± 0.194*** 6.100 ± 0.242*** 0.030 ± 0.008*** 10.487 ± 0.474***

Acute sham operated groups (ASO) 51.144 ± 3.790 (NS) 1.545 ± 0.100 2.769 ± 0.196 0.012 ± 0.004 2.766 ± 0.386

Choronic injury (CI) 60.530 ± 4.778 (NS) 2.067 ± 0.197* 3.591 ± 0.643* 0.024 ± 0.007* 4.256 ± 0.919*

Choronic injury + stem cell therapy (CI + SCT) 60.284 ± 2.948 (NS) 2.419 ± 0.157*** 6.400 ± 0.300*** 0.034 ± 0.007*** 23.352 ± 1.200***

Choronic sham operated (CSO) 52.039 ± 3.085 (NS) 0.917 ± 0.054 1.805 ± 0.216 0.09 ± 0.002 9.598 ± 0.533

TABLE 1: Results of SOD, NOS, CAT, GPx activities and NO levels of six study groups in SC tissue (± SD, n= 5). *p<
0.01 as compared with sham-controls and ∗p< 0.01 as compared with injury groups by ANOVA followed by  post hoc Bon-

ferroni test.

FI GU RE 6: Nissl sta i ning was used to de mons tra te Nissl subs tan ce in acu te
(a) and chro nic (b) spi nal cord tis su e sec ti ons. The se sec ti ons we re Nissl-
sta i ned and we re exa mi ned un der an Oly mpus B, x 50 mic ros co pe at 10-fold
mag ni fi ca ti on.

SOD: Superoixde dismutase, NOS: Nitric oxide synthase, CAR: Catalase, GPX: Glutathione peroxidase.

(N.s.: Non-significant)
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Our study sho wed that both acu tely and chro ni -
cally in du ced in ju ri es pre sen ted high CAT ac ti vity.
Le e ob ser ved that CAT ac ti vi ti es in con trol and spi -
nal cord in ju red gro ups of rats in cre a sed at 4
months af ter the in duc ti on of in ju ri es in the in ju -
red and tre a ted gro ups, res pec ti vely.2

Fol lo wing chro ni cally in du ced in jury, GPX ac-
ti vity tends to dec re a se sig ni fi cantly as com pa red
to acu tely in du ced in jury. Ho we ver, stem cell
trans plan ta ti on in cre a ses GPX ac ti vity in the chro -
nic gro up mo re sig ni fi cantly than in the acu te the -
rapy gro up (Fi gu re 6). 

Le e ob ser ved that GPX ac ti vity in cre a sed in
the in ju red du ring the chro nic pe ri od and con ti -
nu ed to in cre a se in the ne u ron-trans plan ted gro -
up.2 Va zi ri et al re por ted that GPX ex pres si on did
not chan ge on the first day af ter the par ti al T8
trans sec ti on of the spi nal cord in rats, but in cre a sed
con si de rably mo re than that in the con trol gro up
af ter14 days.3

Our re sults sho wed a sig ni fi cant dif fe ren ce in
the SC tis su e an ti o xi dant enz ymes, NOS ac ti vi ti es
and NO le vels in ENSC the rapy gro up com pa red to
the in jury gro ups. Our da ta in di ca ted the pre sen ce
of lo cal oxi da ti ve/nit ro sa ti ve stress, which can con-
tri bu te to the ex ten si on of the spi nal cord in jury.
In ge ne ral, stem cell the rapy in cre a sed NOS ac ti -
vity and NO le vels as well as an ti o xi dant enz yme
ac ti vity le vels. App li ca ti on of an ti o xi dants in com-
bi na ti on with stem cell the ra pi es may be used to
in cre a se the chan ce of suc cess of the rapy. Fi nally,
furt her stu di es are ne e ded to exp lo re the pos sib le
ef fects of ENSC trans plan ta ti on with in hi bi tors of
NOS or sca ven gers of the ir bypro ducts on prog res -
si on of SCI.
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