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3,9 PCR ials3l sl,m CDNA a5gas 5o 5 LS polis
5o Ledasgad fgewl,glis ad o ¥ 5l a8 )5 18 oolanul
IS Vo LPCR oSl ool )5 sl a0 90 sl yo
;o Annealing b 0 ol ,F lo a0 4% o el g5bo
VY ,o Extension al>,e g addo V ol , 5 6l a0 0%
L PCR &Yy ams g plodil 45 406 0 ol 5 ol ax o
SOl (6l pga g LT acs 0 VY 59,L5T 5 5 ool
US-Scan-It 581 a5 5l oolizal b pysbas ol slaoil o
Gel Analysis Software (Skill Scientific Inc. Orem,

293,55 505wl Utah)

PCI2- 5 PCI2 slaJslw ipmigfd Lo lo Jpbow jla
1 e s Cenogonns szl §l U3 el YF (GPX-1
S ke 255 95 Fodale b jlo ot s A7 oy
SIS 53 g )ilusSl kil o 5w S 18 el
(Wild- s PC12 ledglns 5l 05, Saipizpod i
Ols=is A 55 (s s Sosl 4355 50 w3 s type, WT)

s S ool oles cal sl J5 Sledgbes

o el YY1 ld it 9 (g )b Corogouno Ol /
WogSo VO bl 5yme 50 b sk enissids b jlas
5985 1 8 La el ol LDsg oylgie 6-OHDA S5
o9y b Lol iy e el ¥

o

3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-
L3 0 6 ,=Sejlasl (MTT) tetrazolium bromide
5 LDso 595 (o3 0-OHDA g lows agi 5,1 4 b e
i js b ay (Y+) ol s (5155 d MTT iorins
A sl (LX) 6-OHDA Yy o Lo Sg
{(Phosphate  buffered saline) - JL___wo o)
(DETAPAC) o LaVe gl o o+
odd J= (39,55 o diethylenetriaminepentaacetic acid
bwg 0,5 sile azys -Ve slos o gile oy 5l LS
Lo sk e 55 LD (s 8l 20,5 il cypml il
Celw YF Gas gl,m 6-OHDA 1 Jb s slocd, lawss

joo

Slaws swgyg gilw 0390 (glys aias eols 5lul 5 aiS wusyo
Jddcelo YY sl YF el 0o PCI2 Jolw 20
Qs eale s GJL‘“‘ oo5ﬂ

(JLsd 5 oS 59 slagmang S 09 sln iomang s
s L 4w b leojen (HEK-293T) ug 09 dse slo sl
950 Vg s 36 5l py S 5,80 10 Hlade 4y (wg s
Coy G99y L elie 5 a a (pBL 51 Sopm 5l S
o) S5 gl ad eS8l )y pedS” olaw8-DNA
S8 5 See 00 Lol en 555 e slo DNA (g
sl 55 B0 vz 4 il G Yge (oo VIO oS
Yo Jools Js e ot Lol HEPES o] vz o8 5 s,
o Aol S 4 llae Cga, BiagSSl oga 5 0 aiBs
Bas sla Jolw Loy oo dy oykad 05 g ol ) 4 g ol
Loy T Lasomo s a5l el A Sto @ Lo oo s L
o) Ble Jobo Jolie (ol 5l ey cad (908 oz baoma b
bl o tS baome 4 ol (g5l Loy 5 oy s s

AL (55l ead S (595l
by it (Lo ol 5 il 0050 5 g g Lk
peo sl FAG Y 51 ey ooy el 5 (sl Jshoo atS
St e s 0 0010 310 (59,00 1T 128 5l 5 (6]
MW ()5Sl slagsgi 09,0 & 00

0dile Sy Jgdore .0l fouds il Fov o TPM jo0 ;0 ddiBs

\e Qde—';il)\‘.

ez b 6 s] e 95 Sy DS 5l o8 ald sy
Gan slaJsbo 5o ool sl sbmo ool 51 i slo
$5sSi Lly 55 Loyl s 5 4 aslisd (PC12)
8L 15 05250 GFP 5 Lo L5 wia i eols I, 8 o0l 573
Ol 5l g 09d osaline w98 098y S ;50 ¢ JU]
il ol LiliEl 5 RT-PCR (S5 ) ol b al>
o8 Jols bl GPX1

5l e celw 48 RT-PCR iy leoj/ gRNA g/ piimus/
ceS 5l esliiul Uy Jsluw RNA 1S\ ol (a8 gl s
z! 5! (High Pure RNA Isolation Kit, Roche) abg,
550 ¥ o5 3 0 O oS cedls 1 bl 5l g 5 00
S o I35 Ll 2o eDNA sia el o 51 05
31 wsSae jlin Sl ST 4 cDNA sl (V) ol 0oy
5 poosly sl ol Ko g-a> 5 5 (Fermentas, Lithuania)
YAY aabad SO, 555 (6l 8,5 &, 50 RNase Inhibitor

1A Ol o 0l o alr o( 93 — oole) 3B/ LA aloxd


www.sid.ir

OCon 9 0015 aslow! Ol yos

e By 9181 9 Y- 3lownsT9 9 gl ol 9 (gl Olojoid 6

SO 05 ole g Buw b (49,85 (piS Tl i
sbadsl 4o (owgng Sl 0393l 5l Sele Y7 090>
Sy S 5| osliil L GFP o slaailis odg PC12
|y oS gl 5 (09 ool Coibge 5 ud osmlie i y5ld
Ao an celw VY Jlej alold jo GFP L, .wile, oL

(V JS8) amsy 095

Sz 5 Sy mslar oul PCL20slo Jolo 0 GFP (5 Lo T UCS
Cowl ous 4 FITC 2L b g Ctwyols gy, Koo 5/ oolizul b
S (e ot o oles B el sl ol D)

Feox

GPX-1 45 ole 381

loesny & PCI2 glashs puds oogll 5l aiie 39
gl adsbe cnl RNA (5l 5 ol 5l plisebl 5 Sa
GPX-1 o5 ol olpme RT-PCR SiSs 5 ool L 3t
il (VSD) w3 eaalie (genSlasils Gl wm g 18
oogll sla Jshu ;0 GPX-1 lo ylime a5 ols lis eliules]
b sl Jske a4 cod pLV-GPXL (55 4 oads
L s Jiioan sk ales] 153 B 4 gl il il
Y Olawbre Leligypidn o ead S8 181 a5 5l eolal
VIA gt oy 1y il Gilgline s 5 5 45l
2 GPX-1 Lo ¢d, oo sl a5 jghilen 5405 3900 pl
sls lis iali8l 55 pPLV-EGFP ug 5 4 034l slo Joks
35t (WT) (srbo (sladsbos e VY lawsgie j5kay ()T (e 45
(Y Ss)

Ly i 15y lounS 931 yauiUalS 9 (migSould 53U
1, GPX-1 o ialidl 45 PCI2 slasko 1o cyg 95
O 3l om0 Jlass 5 oisSed Ly asiols ples oy
U 00,5 adlsl Jsho cilis (glaog,5 43 6-OHDA oS s
D9 (et (SgmainS )y Saogonns pln 50 ] Cuoglie liee

B3 oo s (SeminS )L

1) Ol o ol F > (895 — oole) 3l § Jgbo dlxmo

5 a5 o 0T 13 &5 oS35 §1 (2 5 8 Jlos
ozt 6l uioren .090,8 OLGILDsg lgie a0 a8 oy
e 0 clile (ol s esle ol Syl o8 > L MTT
O 0955 darsl 3l ey 5 9 as 0151 5 (oo g0 08
o 5 See VA e o 51 5, e Vo (gl b Lo
g 9o S sl Sal> o 0 FBS uils DMEM L
O A (6,005 398 (5,5LeS0l byl jo Cels ¥ e
Dimethyl (DMSO) , =g, S Ve Lol oo o
Ol e0ya 43585l 4i B3 O 5l g 0 35> Sulfoxide

5 S o] el DA- s Jsb 5 i
5 ole meantSEM & jsvass o Lol slaosls g b/ U]
Sl §i O ygoas plas o 4 cul e Sielesl 4w Jol>
58l s 5l ooliul b o ool sl (bl (sla s bT il ons 1SS
O by I g1, .26 53, plosl SPSS, version 17.0
(One-way qu\JLJ)‘j AJM )AJLJ] )‘ 6’91'“ alises 6[@09;
=S5ls s Ly o g analysis of variance, ANOVA)
oslazwl (post-hoc Duncan Multiple-comparisons Test)
S S lgse a4 p<ofe ) g P< /) polie us 5

Sl 5 (g 4l po Cpidgo

o Jolsp 13 gl gSig S b Lok (sonnli
Loyl 55 1, GFP 55 oy Sl y2Sanily 5| oy i
o gale s o aSausls 5l e celw 4 HEK-293T
el YF o bl U aus )5 waid o5 onl ol o alelss
O JS2) sy oy Ve ey ol ol Sl 5l ey

2 5} o B ST

5 oo sl ol HEK 293T sl fplos 13 GFP 3 Lo o) JSC

i ooliza b HEK 298T sl folor il 1 o Cles g

Ul B ol o5 40q FITC i § 5 Cutappls oy n
I e Sy (i ] g b s B el sl

1o


www.sid.ir

OCon 9 081y aslow! Ol yos e By 181 9 Y- 3lownsT9 9 gl ol § Cigful Olojoi W30

M WT  pLV-EGFP  pLV-GPXI

<«—387 bP

5

O oS W 4l 0 g5l iz VAV axkd (g5, 0 ja0i0 STy slo digad 15,880 ST 5 pgeai 0/ RT-PCR il 5/ fol> gl ¥ IS
ol sla sl Wild-type) WT (RNA (o6 cuim 10+ ,5)le) M ool oas asiito b i yoleo] jy loiily o507 . ecs] 0t 47 GPX-1
GPXL 5 g5l wgpg b o 039/TPCL2 fol) PLV-GPXL (GFP [ (sol> g s b ois 003/JPCL2 Jsl) pLV-EGFP .(PC12

WT WT S5FP V-GPX1 N+
5PX1

v

>-OHDA
O3 b lo ol Jlod ey Selo oz 5 Cano (5Kwg Ko pglai ol (peiiS )l Coogono by 0 PCL2 (gloyg,gi <l oF S5
oot 4 ool slo folo =V ¢ enl slo folo =) .a88 o Glid | oS Lol jlo slo ol S Sl Canl o 4 6-OHDA
loed s GPXL 13 (o (slgis, 35 =F «oisSds b oty lad (sl (9,57 =0 GPXL (5 ol (sl (19,95 =F GFP () (ool (sloig)oi =1 Sy
Veox s HaiS o ig Kol b ol

120 4 “he
X
100 9 i AAA
P e
X 80 4 -
=
)
£ 60
o
H
o 40 -
1=
=
@
Z 20 4
wr oLV-LOFF wr PLV-LOFP BAV-0PXL SN BLV-OPXE SHKN
B
Ll

6-OHDA
et 45 e L il oy OPXL 55 3l Sl oty PCA2 (sl ol s s 5ol ol ol 3l 10 I3
99 sldslw A 0 Ailoe oS b okd lod (slo ol L)l 15 Ay 4 gy LS e T b 1 4S5 slodples e ose] Cewsy MTT
s Lo 00ly (g )Lo] SIS sl 0l plovil oSl 55 5y guar 457 o] o gl TV odislod ot po il 00,55 Cl,0 nSai ol gt
# coodle LPLV-EGFP 5pLV-GPX1 o5, & s X% (P<0.001) L ** (P<0.01) codle L (WT) enls 05,5 5 i lisio (slyas,S
WT+ 05,5 5 PLV-GPX1+ SHKN o5, 5 s 5 X% (P<0.01) odle L pLV-GPX1s5, 5 5 pLV-GPX1+ SHKN 05,5 s (P<0.01)
(Wild-type) el cslo_fols WT 5 s SHKN 00 o sl s (P<0.001) ™A 2o £, SHKN

Yoy 1PAY bl ¥ o lods F Al (2095 — oolke) 368/ [) 1T


www.sid.ir

Ol g 0015 helow! Ol o

e B 01380 9 V= 5lowsT9 n el 9 gl Oloyo Wb

S e s cdled s ole 158 . (V)) cnl 00 )57 L)
sbagygygs o Lolaidl sld S e ad 230 51 (g,
3o ol addllas oS 5 ol A o Cawd (o 5l el
aiiled 1 cpsgSard LT () ol Jlgwes ool gl sos
5o sleieelss slagsys S e Bl wlgi oo GPX-1
98 olojed codlad g jgax LT (Y 9958 guilonnST slacuw]
Ly ol iy n Sloioanlys Jsho 2 5o 35 bl Jale
Ol cnl 5 we (Hl3l GomtiS )y Comgans pln 3 1) ]
wlein Jsle 90 51 SO e ol 5l il (ili8l 4 o
dpase Hlis asdllas ol gloosls €518 wgume (5 Lol iglas
Ly owdsSe 9 GPX-1 Jole g0 51 S 50 L s oS
sl ol Fge jlo (e g Sute joha jluireliss sla ok
500, Vb o e yebas v 5L 1) 6 s yo lagT ples codled
08 e ablie g 3l s 6-OHDA iS'es oanis 56 L
kr»bs‘ R O g0l 'a‘y h./.»JL!ﬁ U"‘ ool Cawdy CJL.! u,uL.u‘ »
2 Ll 5l cond i T 23U aSsy5bar 35 0 5
s o 5l 5 St glis Sl ole 59 51 S

YO N
4 ‘) ﬁa)_’] u—" L;i‘_o.w‘ﬁ GPX-1 (89 0= ]4>L’>U‘ Sldlas
oL (95 095 adnlsg ploxl sl (Joko (950 GebelS
5 0Pt b (S relgs e Sagg )9 )l (M) a0
Lal (Y1) il o of5T sl JSGol, peuSs ool 56 Sl
o=l s Sz ()l addllas 4o ool oolive (o)l o8 EeslSe
b g iy o0 ;50080 4 Ly slaoljols 5l adass plas™ jo Jule g0

S8l das 0 e (59, Gl Sldlas Susyls o2 (6,050 4>

dlor SVl nl 4 Fly

Solorm amall (et Slwimelygs layg e S s
0925k ok @D 5l 2VL v jo &S coul ploSy
4 S o adgi b Flsem o o 55 5 lalejl gl o,
1y OS5 e il o5 alaglejl clalllae s !
Lo Jos ;555 9 6-OHDA Jao bl 5 ano 0,18 Bon
2 G BB Joko ulide po Slalllas iz ol gl
uu.u)_> ..\_J‘y‘é_n 9 o¢5_3 6-OHDA ‘5>l5_._> LgLQLJA_A

sl S 56 gy cblis slacssl

1) Ol o ol F > (895 — oole) 3l § Jgbo dlxmo

9 GPX-1 je—do )0 Lagyg e L il (how—w
olis 0 U ;o MTT iowiws 5l Jeols glaosls 1y g5
PLV-EGEFP o5, 5 sla gl La so,s .l oa i osls
(WT) OVEY) rle sl Jsbos iy duoyo 4y S (OFEY)
ladsbow L ao)s 500 gm 5l 050 5lo dme (5 el a3
4SS wsls L)L'*d s_MBLM e ) ).||).> B pLV-GPXl as)f
(PLV-EGFP) =5 sLa Jsko Gy 20 & o 3,
Syl mime (gLl a5l g ols i il 8l ooy V
A yigSads 09,5 sla Jolw & auoyo ioldl (P +/0Y)
655 4% o1, Lok ool sl s (WT) oancs (sla Jsbo
il 38l ST Lles w(P<+/+ 1) ols L ) (gls  omoyloans
ot L o) PEV-GPX 03,5 ladyls ey isSass
oy L aiglie g as sl o3l oo o AYEY B 1) o Jolw
Ot oo 10 V0 e ol o Jolw 09,5 e sl
awslie jo yg150 slo sk cpizmen (P<t/+V) dos oo oyli
(P<ele o V) wimo o lis iy ial58l

L GPX-1 (5 6 oS 558 sl g caslllas ol )0
4S5 PCI2 sla gl (r2S g0l s (sl 9 00l Slgs Cindbge
S Ngyen Jlet sl ealigs sl (39,80 Sl celie (oo
3 sles (i 45 GudgSe s oolie Sl uizmen i a8 S
Ombags sladshe jloss ln oS (o0 Wl llbiny sla ok
by sk Congane slml 3l ey i35 eslital j505e 5l
oast MTT g4 Lo Jslos Uiy f5m0 6-OHDA oS 55
9 S0 (esliols ma a5 sl i alol> mls a6 5
S o Joe (Syg cblax Julge plyieds (sl oo
@l 4 jeie Jole 90 5l S e adllas Gl @bt el
Coagone ;5o 1, Ladslw cnglie flire 0 silys oo
S g 99l Glojen Cudlab odlay aims il SsmatS L
SIS e ek e 5 |y Caglie 5 03,5 Jos 213 o2

AR o a8l
el g 009 a1 0 0T S Sy (5036515
rs—aran (Jsl 0950 ol sl JLsial, rals 5 & yas
03) S3 (59) 2 Lo (B aalllae () 25800 (39 e SS9

a1y 398 mu il GlaraST s clad slacrebgs o9

oA


www.sid.ir

OKon g 0dl) aslow! Ol yos

e B 01380 9 )= 3lowsT9 el 9 gl Oloyo Wb

9. Cheng W, Fu YX, Porres JM, Ross DA, et al.
Selenium-dependent cellular glutathione peroxidase
protects mice against a pro-oxidant-induced
oxidation of NADPH, NADH, lipids, and protein.
FASEB J. 1999; 13(11): 1467-1475.

10. Cheng WH, Ho YS, Valentine BA, Ross DA, et
al. Cellular glutathione peroxidase is the mediator of
body selenium to protect against paraquat lethality in
transgenic mice. J Nutr. 1998; 128: 1070-76.

11. Gardanech M, Gholami M, Maghsoudi N.
Synergy between glutathione peroxidase-1 and
astrocytic growth factors suppresses free radical
generation and protects dopaminergic neurons

against 6-hydroxydopamine, Rejuvenation Res.
2011; 14(2): 195-204.

12.  Papageorgiou VP, Assimopoulou, AN,
Couladouros, EA, Hepworth D, et al. The chemistry
and biology of alkannin, shikonin, and related
naphthazarin natural products. Angew. Chem. Int.
Ed. 1999; 38: 270-300.

13. Yoshimi N, Wang A, Morishita Y, Tanaka T, et
al. Modifying effects of fungal and herb metabolites
on azoxymethane- induced intestinal carcinogenesis
in rats. Jpn. J. Cancer Res. 1992; 83(12): 1273—
1278.

14. Hisa T, Kimura Y, Takada K, Suzuki F, et al.
Shikonin, an ingredient of Lithospermum
erythrorhizon, inhibits angiogenesis in vivo and in
vitro. Anticancer Res. 1998; 18: 783-790.

15. Tanaka S, Tajima M, Tsukada M, Tabata M. A
comparative study on antiinflammatory activities of
the enantiomers, shikonin and alkannin. J. Nat. Prod.
1986; 49: 466-469.

16. Kourounakis AP, [ Assimopoulou AP,
Papageorgiou VP, Gavalas A, et al. Alkannin and
shikonin: effect on free radical processes and on
inflammation - {a preliminary pharmacochemical
investigation. Arch. Pharm. (Weinheim). 2002; 335,
262-266.

17. Gao D, Kakuma M, Oka S, Sugino K. et al.
Reaction of beta-alkannin (shikonin) with reactive
oxygen species: detection of beta-alkannin free
radicals. Bioorg Med Chem. 2000; 8, 2561-2569.

18. Rahimi ShamAbadi A, Gardaneh M, Alipanah
M, Gharib E. Transfectability and Transducibility of
chicken liver cell line LMH compared to human cell
line HEK-293T. J Cell Tissue. 2011; 1(2): 47-
56][Persian].

19. Gharib E, Gardaneh M, Montasser Kouhsari Sh.
Cooperative effects of glutathione peroxidase-1 and
glial cell line-derived neurotrophic factor on
dopaminergic neuron resistance against 6-OHDA
and H,0, toxicities, J Neurosci Res. 2012
(submitted).

104

3] Ol Gl e 4 ols s aalllas nl s Lol
5 ol ©j9mar eigSes L Lo sl Jlas oo 9 GPX-1
sl Jlsiol, 5l (2U sl 12l plys sk (ogasa;
55 65t aze plgs 53Ul bl el fige sk o]
O el Sl S5 b 2l oo &jpa Jule
AU CeS ]y sk 0900 slolels az 5 ez oo STy
Sloe sl 1o 1) 53U ol GlsSoe L Sams e 18
Ly sl e oats] Slallan §0,8 Sl 5 anlive 35 (6 lo
Ar 3 Sog Sulie il aige jo SVlgw cpl 4 Euly ol
Cblix> Lol (uen 5 (SyaminS )b slatungons

D5 &8ly Jge Jg,e

EIRPRE PP
e ol adgs jo el e il s SaSS 6, )
Dy sn 6l

C.gli.o

1. Wolozin B, Behl C. Mechanisms of
neurodegenerative disorders: Part 2: control of cell
death. Arch Neurol. 2000; 57(6): 801-4.

2. Culmsee C, Landshamer S. Molecular insights
into mechanisms of the cell death program: role in
the progression of neurodegenerative disorders. Curr
Alzheimer Res. 2006; 3(4): 269-83.

3. Poon HF, Butterfield DA. Free radicals and brain
aging. Clin Geriatr Med. 2004; 20(2): 329-59.

4, Halliwell B. Oxidative stress and

neurodegeneration : where are we now. J
Neurochem. 2006; 97: 1634-1658.

5. Dringen R. Metabolism and functions of
glutathione in brain. Prog Neurobiol. 2000; 62(6):
649-71.

6. Wullner U, Klockgether T. Glutathione depletion

potentiates ~ MPTP  and  MPPtoxicity in
nigraldopaminergic neurons. Neuroreport. 1996; 7:

921-923.

7. Zeevalk GD, Nicklas WJ. Role of oxidative stress

and the glutathione system in loss of dopamine
neurons due to impairment of energy metabolism, J

Neurochem. 1998; 70: 1421-1430.
8. Halliwell B, Gutteridge JM. Biologically relevant

metal ion-dependent hydroxyl radical generation. An
update. Febs Lett. 1992; 307(1): 108-112.

1A Ol o 0l o alr o( 93 — oole) 3B/ LA aloxd


www.sid.ir

OCon 9 0015 uslow! Ol yos e By 9181 9 Y- 3lownsT9 9 gl ol 9 (gl Olojoid 6

20. Moscow JA, Morrow CS, He R, Mullenbach GT, et al. Structure and function of the 5'-flanking sequence of
the human cytosolic selenium-dependent glutathione peroxidase gene (hgpx1). J Biol Chem. 1992; 267(9): 5949.

21. Wang Z, Liu T, Gan L, Wang T, et al. Shikonin protects mouse brain against cerebral ischemia/reperfusion
injury through its antioxidant activity, Eur J Pharmacol. 2010; 643(2-3): 211-7.

22. Nam KN, Son MS, Park JH, Lee EH. Shikonin attenuate microglial inflammatory responses by inhibition of
ERK, Akt, and NF-kappaB: neuroprotective implications, Neuropharmacol. 2008; (5):819-25.

1) Ol o ol F > (895 — oole) 3l § Jgbo dlxmo VWA


www.sid.ir

OCon 9 0015 uslow! Ol yos e By 9181 9 Y- 3lownsT9 9 gl ol 9 (gl Olojoid 6

Journal of Cell & Tissue (JCT) Research Article
Summer 2012; 3(2): 153-160

The Concomitant Effect of Shikonin and Glutathione Peroxidase-1 on
Enhanced Survival of Dopaminergic Neurons
against Parkinsonian Toxicity

Esmaeilzadeh E. M.Sc."?, Gardaneh M. Ph.D."!, Vaziri HR. Ph.D.?

1. National Institute of Genetic Engineering and Biotechnology (NIGEB)
2. University of Guilan, Faculty of Science
* Email corresponding author: mossa65@nigeb.ac.ir

Received: 2 Jan. 2012 Accepted: 20 Feb. 2012

Abstract

Aim: the aim of this study was to examine the effect of glutathione peroxidase-1 (GPX-1) and

shikonin on enhanced survival of dopaminergic neurons PC12 against parkinsonian toxicity.

Material and methods: in order to overexpress. GPX-1 in PC12 neurons, recombinant
lentiviruses carrying both GPX-1 and reporter GFP genes were generated and used to infect
target cells. The survival rate of the transduced neurons in the presence or absence of shikonin
was then quantified.

Results: following GFP gene expression observed under the fluorescent microscope, the
overexpression of GPX-1l-was determined using the RT-PCR analysis. Changes in cell
survival against parkinsonian toxicity were examined in the presence of two factors: GPX-1
overexpression and shikonin treatment. The results indicated that both GPX-1 overexpression
and shikonin' treatment of the PC12 cells increased significantly cell survival against
parkinsonian toxicity. Survival increased by 14% after GPX-1 overexpression and by 11%
following shikonin treatment. More importantly, when the two factors were applied
simultaneously (by shikonin treatment of GPX-1-overexpressing cells) they saved 83% of the
neuronal cells that was up by 29%. This increase of survival rate was significant compared to
the increase achieved by each factor alone.

Conclusion: our data showed that GPX-1 gene overexpression and shikonin treatment not
only individually increase PC12 cell survival against oxidative stress caused by the
parkinonian toxin 6-OHDA, but also will function additively and/ or synergistically if they are
applied together.
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