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Protective Effect of Korean Red Ginseng against 6-Hydroxydopamine-induced
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Abstract — Parkinson’s disease (PD) is one of the representative neurodegenerative movement disorders with the selec-
tive loss of dopaminergic neurons in the substantia nigra. 6-Hydroxydopamine (6-OHDA) is widely used as an experimental
model system to mimic PD and has been reported to cause neuronal cell death via oxidative and/or nitrosative stress. There-
fore, daily intake of dietary or medicinal plants which fortifies cellular antioxidant capacity can exert neuroprotective effects
in PD. In the present study, we have investigated the protective effect of Korean red ginseng (KRG) against 6-OHDA-
induced nitrosative death in C6 glioma cells. Treatment of C6 cells with 6-OHDA decreased cell viahility and increased
expression of inducible nitric oxide synthase, production of nitric oxide as well as peroxynitrite, and formation of nitroty-
rosine. 6-OHDA led to apoptotic cell death as determined by decreased Bcl-2/Bax, phosphorylation of JNK, activation of
caspase-3, and cleavage of PARP. Conversely, pretreatment of C6 cells with KRG attenuated 6-ODHA-induced cytotoxicity,
apoptosis, and nitrosative damages. To further elucidate the molecular mechanism of KRG protection against 6-OHDA-
induced nitrosative cell death, we have focused on the cellular self-defense molecules against exogenous noxious stimuli.
KRG treatment up-regulated heme oxygenase-1 (HO-1), a key antioxidant enzyme essential for cellular defense against oxi-
dative and/or nitrosative stress via activation of Nrf2. Taken together, these findings suggest KRG may have preventive and/

or therapeutic potentials for the management of PD.
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6-Hydroxydopamine(6-OHDA)- 7E|Zod AA5AZ 3}
M) i vitro D in vivo AF 59 o) PELIEHA AL
|31 910w Frksl4 (hydrogen peroxide, H,0,), superoxide
anion, hydroxyl radical 5 #/J4%(reactive oxygen species,
ROS)S] 73, 2 734 wet W v EZ=2]o} complex 7}
Ve 715 A Sl Akt AEHAE fildshs FloR KB
H LI A DS BRfe] Hoa xolF4e] 4] Ul
A ksl, AFsH4] DNA 7o) A4 ek om, vk uiQl
A &atsl B2lel FFERX] 2 (glutathione, GSH)®E3} 3413} &
& Zow deiglrky $H, A 6-OHDAS nitric

oxide(NO)2} -2 E/J 2 A~F(reactive nitrogen species, RNS)
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o] AT F7MIAE Ror BuHthY Y NO:
superoxide anion® ZA¥rste] TS Z#4EE DAALEQA
peroxynitrites /J31H, ol:= AU AuREARR] 2|2, whalz]
DNA2] 2bshd EAS Ball maplid 7ML Aenz] A EZAY
WS fsl= AOE n vito D in viveo AT, IERE 3

212 ¥ ATE Faix HEE A

A (astrocytey= S5 AINA AlaE) - 9]9] o]
A, T3 AR, ARAGELL] FAT 2], A A
G AT 5 ABAMEEY B, 23k A, B, AR B
o Fodt odgks dtia dA UukP 53] A ERIE
F-H]%] = gilal cell line-derived neurotrophic factor(GDNF)+&=
SIIA AAME Zdlo A H,0,8F 6-OHDAZR o7 |%i= Al
EAE oAsIgen M1 6.0HDAR Fo8 S5 vke-A
FERHA SR TalmiA AFHE £ ARk
wEbA], 6-OHDAZ Q18 AL APE-S A8kl 1 716
Aok wIEA ol RalilAg AFAIES] &g s
Hegvs 71 ZAow 7|dsn, ojgst d3ow T+ A%
T ok g EAle AFAIE HE HAAA el tist ¥4

o

oL

[e)
A, Bup 84 5ok, ¥= k5, monoamine oxidase
(MAO) A3A| o] gloH, o] ka5 Tule] M)
A Zheek= BAER IS X g

Adstatol maknle] A4 gl EulE H3A7)1, dA ABAR
AREHE oREES ARS A HAES AR s A
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S 7L Qo] AR EAE o7 Y| o]gE 1 Ik
J A Z ginsenoside Rg/= YIEAE ] AEAY mele]
methyl-4-phenyl-1, 2, 3, 6-tetra-pyridineMMPTP), 1-methyl-4-
phenylpyridinium(MPP™), 6-OHDA] 23] -F-=¢ TupnAd Al
ZAMEEL] AlEHA AEAPE diel] B gt Qs SR Haly]
oy} 1315
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B AlFof g3 PE A EF C6 glioma AIE= ATCC
(Rockville, MD, USA)ZH-E] ofito} AL-g-815) 0m, Alarujok
S 93 Dulbecco’s modified Eagel’s medium(DMEM) H}#],
fetal bovine serum(FBS) 3! &4l Al (penicillin/streptomycin) &=
Gibco(Grand Island, NY, USA)A} #|E& A}g3stgith 6-
Hydroxydopamine(6-OHDA), MTTI[3-(4,5-dimethylthiazol-2-y1)-
2,5-diphenyltetrazolium bromide] 2 7 ¢] AWt A|kE5 LS
Sigma AI3&(St. Louis, MO, USA)S ©]-&sl3it}h. nel g%
& (Korean red ginseng extract, KRG) A & (&AM 201-9091)
= SR ARA, tishshR R Al gtel ARSI

MIZHHRE = A[2ER2]

C6 glioma Al¥+= 10% FBS, penicillin(10,000 IU/m/) 2
streptomycin(10,000 g/ml)& 33HH= DMEM #lIA]& ©]-83}<],
5% CO,, 37°C Z719] vjel7 |5 ARg-sto] wieksiSict. Alzuler
WA= 28wt AR wiA 2 Zolglom, A ko] 7}
Adel|X Q7 EE G0 MEE TS $ 2447 | A2 <F
dAow FAEE 1H3AFEE KRGS ARE XY §- 6-
OHDAS 24*13F A 2|af3itt.
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MEYEE &8

AZAAEE S5 flste] MTT 241HS o] &siglth. MTT
FAHE A9 tetrazolium A|2fo] Aol AlEQ] wEE
goMd el Fael o8l Hebe] formazan®® WigkE= g
£ o]t S5k EAH oIt C6 glioma AIEE 48-well
plateol] 5x10* cells/300 2 X3 3 A7} gz oz 1)
H KRGS M3 ©A2)ekal 6-OHDAS 71310] 2443t &<t
71 wiFedet. o] MTT Aleko] 71 A== viA| 2 Zo}
T 5 37°C mie7]elA 2/17E Bet wieksitt. A ds AA
3t ¥ DMSO 200 We 718t formazans $+:13] €83t vk,
microplate reader(Emax, Molecular device, USA)E A}-8-3}¢]
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570 nmellA FHEE S4ste] dlxTY FEEE 100% 715
o7 AhHQ AFEAAES (%) AESIAT

TUNEL 3

TUNEL 412 AlZAPE 3ol dojub= DNA &4
(fragmentation)2 Z7435k= "ot} C6 glioma Al3EE 4-well
slideol] =323 v, 2403F ¥ Al27F P A o2 BAEE
KRGS 3077t d#2] ¥ 6-OHDAS A 2|5k3itt. 24417k ¥
10% neutral buffered formalins ©]-88to] 3023+ A=ollA 11
AAZ B2 QlakelE-8-9l (phosphate-buffered saline, PBS)2 2
33] AlFsIl e, 3% H,0,s 8k MEke-S o83l 4°C
of Al 1AIZE &<t mlieksto] UiQld peroxidase®] EAd-& Abets)
&t} ©]%, permeabilization solution(0.1% Triton X-100 in
0.1% sodium acetateyS AF&3}0] 4°ColA] 10827t wjokalai o,
PBSZ 33] A% & RocheAl(Mannheim, Germany)®] terminal
deoxynucleotidyl transferase(TdT)®} digoxigenin-labeled nu-
cleotidesE ©]g312] 37°CellA] WXz mljekste] 3EAAZCE PBS
M2 % peroxidase-conjugated anti-goat antibodyS 7}3}¢7
37°°CollA 30% 59t WESA1Z1 T3 VectorAl(Burlingame, CA,
USA)2] diamino-benzidine(DAB) A|¢FS o]-gafo] LAl =
50% glycerol(v/v)e AHE-3lo] B41 & Anj@ow JejsE v
sk3ict.

Western blot analysis

6-OHDA 2! KRGZ C6 glioma 430l *2] 3 3 PierceA}
(Rockford, IL, USA)2] RIPA buffers ©]g3lo] A|XE52 83
AZH o] F- 4°C YAEE71E o8-8t 14,0000+ 15823t
ArEEeto] AEd oz iE Wlzls FE0th a4
22 Piercert] bicinchoninic acid(BCA) THi &l A gk x]oks
AREBIeH, g F 30 pgel WS 10-12% polyacrylamide
gel(SDS-PAGE)Z %7153t tha polyvinylidene fluoride
(PVDF) HB ] (membrane)> = 300 mA°A] 4AI3F F3F Ed
23 Bk WEE 0.1% tween-20S E381= 5% nonfat
dry milkZs o]-83}e] A-2oA 1AZF E<E blockingst T, 12+
A EZ 4°CellA] overnight Wi<¥atsitt. PBST(PBS, 0.1%
Tween-200Z 1057+ 33] WB QIS AlF 3 22} A5 .29
A INZE Bkt T} PierceAl] enhanced chemoluminescence
(ECL) Aoks Alg3lo] whaAz o LAS4000 image(Fujifilm,
Japan) g1]E ARg-te] EJsISiTt.

Nitric oxide M =3

Nitric oxide F2/2] nitrite-nitrate®] =735 $I5}% C6 glioma
Alsze] KRGE 3027t A 3 5 6-OHDAS} ] 24413t
Hlokst Tk AlsEajokel 150 el Griess A12H0.1% N-(naphthyl)

ethylenediamine dihydrochloride and 1% sulfanilamide in 5%
phosphoric acidls % 3718k $ A2olA 3024+ RESAIZTh
0] microplate readers AMESI 540 nmollA SHEE 57

a3t

Peroxynitrite 244 &X

Peroxynitrite®] 5732 ¢35l C6 glioma A3¥°] KRGS 30
271 AA2) 3 % 6-0HDA 7Felo] 24217F wjekadet. o)
50 uM  dihydrorhodamine 123(DHR123, Invitrogen, Carlshad,
CA, USA)S o]g-3to] 37°CellA] 307t wieFatalct. 304
PBSE A% ¥, DMSOE Ahgsto] AlZE &3irX v
microplate reader(Gemini XS, Molecular devices Co.)& ©|&
3o 485 nm(excitation)?} 535 nm(emission)oA] &3-S =75}
At

AN =S5 Al

Nitrotyrosine®] =742 $181o], 6x10? cells/600 pIe] C6 A3
£ 4dwell EEfo|Ee B33 v, KRGE 3044 A9 & §
24713t 6-OHDAS A 2|33l th. PBSE A% ¥ 10% neutral
buffered formalins AR5} 2204 302 33+ 14 H, 1%
bovine serum albumin(BSA)Z. AF-2oll4 1A17F Fot vljoks}o]
H|Eo]% ZA3g xlvhblocking)stglth 1% 3A|¢l anti-
nitrotyrosine IAE 4°ColA] overnight ¥iokst 5 PBSE A%
3l T2 biotinylation © 22} A2 1A]7F FoF A-2ofA vk
st} U avidino] A9%]] Sl biotinylated HRP enzyme
reagent(Santa Cruz)@ 3047+ vloF & VectorAl2] DAB A
ok= ol-g-sfe] WA T 50% glycerol(viv)ye ARS8 &
T dAvjFow PFeiE ALl

SHXE

A A= H+FEEAR F7)6100h 18] BAA
oAJ2- SPSS & 1S ARg-lo] ANOVAR 7H4sh 3, AL
0= Turkey's tests AAISI] p<0.05 A wl £-2]/d0]
tha ggsieict.
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6-OHDAR. =% “JdHE 5240l dish KRGE] e avts
HES7] 951, thekst 550, 0.25, 0.5, 1 mg/ml)2] KRGS
C6 glioma A3zl gk AIZE A28}l o] % 6-OHDA200 uM)
9} $hA| 24717F B3t 2] ste] MTT reduction assay= A|3ZAY
EES S50 6-0HDAS] AlsE=Adel o] s AEAEES
45.4%%. tiz=rel vl8) dAst 7Aas JeERfglon, v KRG
= AAY & TFIME 56.4%, 66.3%, 82.6%% S5 EH
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Fig. 1 - Protective effect of KRG (Korean red ginseng extract)
against 6-OHDA-induced cytotoxicity in C6 glioma cells.
MTT reduction assay was conducted to measure cee
viability. C6 cells were pretreated with KRG (0, 0.25, 0.5,
1mg/ml) for 1h and further incubated with 6-OHDA
(200 uM). Data are shown as mean+S.D. (n=3). *#5<0.01:
vehicle-treated control vs. 6-OHDA-treated alone groups,
*¥$<0.01: 6-OHDA vs. 6-OHDA+KRG groups.

O% o A AEAESC] STFItHFg. 1). ISR
Al 2 = BdloA uegAake] Heass AR A 4ddt
5 A9 QAR ilEEEC] A MPPTR Rt 2174
EAo] tidk BE Fyp) U Bud wf 9oy

0|3 AglolM= 6-OHDAR Q13 AIFEAPES] HEejS 13}
7] $Jste] oREEAI2 (apoptosis)e] THIEZAIQ! 54 #3E 59 st
1}el DNA w#H3H(DNA fragmentation)= i sifu nick-end
labeling(TUNEL staining)© = #2315t oREEAIA ZPdofA]
endonuclease®] ¥J3}o] 2J8] DNAX= 180~200 bpS] V9=
A3} ¥l TUNEL staining #4% DNAS] 3-OH $x|°] &%
21E dUTPE AEAIA 54717 #AaEg-5 o] gsle] 73}
Al #}. 6-OHDAQ200 uM)E C6 glioma AH|3Ze] 24717t %28k
A7} TUNEL staining®l] &J3l] 202 A= ML 47} 5
7rEQom, tizr ) vusko] 59.8% 71Fe] Al oREEA|
2w SRIFITHFIE. 2). ¥, o= KRGE AA7] fown &
3] 1mg/m/] FEolM oFEAIAV} GupF o oA w9t
(Fig. 2).

ORFEAIANE A= Bolshs of] 7] A FollA
t3E21Q1 Z1o] Bel-2 gene familyol™, o= 7]552]Q1 HollA =
Al 5 7 E rolA AL, ekAke] ARl vl AlaEe] BEwt
AFEE AR = Qs 93k &4 k. =, Bel-2$} Bel-
X, & oRFEA|AE A8} anti-apoptoticdt 7]5S 7HAH,
Bax, Bad, Bak, Bid, Bik, Bcl-Xg 5+ oRFEAIAE w78k
proapoptoticdt 71%5-5 714, Bel-2 = Bel-X &) BI7E AiE o
2 FoAE A AEE AFEOE Hie] A9 AMEE s
a1A] ©t}2) 6-0HDA200 uM)Z C6 glioma |20l A2)st 2
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Fig. 2 — Amelioration of 6-OHDA-induced apoptotic cell death by
KRG. TUNEL staining was performed to measure apoptotic
cell death by analysing DNA fragmentation i sifu. A.
Representative images of TUNEL staining were indicated.
a: vehicle-treated control, b: 6-OHDA (200 uM), c: 6-OHDA
(200 uM)+KRG (0.5 mg/ml), d: 6-OHDA (200 pM)+KRG
(1 mg/ml). B. Quantitative data were derived from repre-
sentative images from three independent experiments.
Data are shown as mean+S.D. (n=3). *#»<0.01: vehicle-
treated control vs. 6-OHDA-treated alone groups, **p<
0.01: 6-OHDA vs. 6-OHDA+KRG groups.
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7} anti-apoptotic ¥ Bel-22] W¢do] 7+A5| 31, proapoptotic St
Bax®] Walo] S71Ee 1S Western blotS 53) #2d 4= 9]
Rom, o]yt Ws-2 KRGE dAe] sho=a thr] g4
= 3355l vkFig. 3A).

olefgt Bcl-2 family S-S T2 njEZ=lo} ol EA)
she, olejst mEF ol A Eo] W o= cJun N-
terminal kinase(JNK) &/Jo] Q3 g8 3strh AA 6-
OHDA(200 pM)E A 2fshk= 73-F- INKell 14ksb7E dojut 2
o] Z7Fs Western blots E3sto] #23e18] oW, o]= KRGS
AAe] gro gy Fx oA o7 A= rh(Fig. 3B). olzidt
OREEAIA Fl AT LS F=F8 07 caspase 243312} PARP
2] HEH(PARP cleavage)s -5, DNA fragmentations &
o 71A ¥t} C6 glioma AENA 6-OHDA & <lsf
caspase-3¢} PARP7} #Ad3l=o], Aokel e cleaved
caspase-3¢} cleaved PARP2] ko] Z7}1%9la, KRGE *|2| %t
7B sEOEA R A ITH(Fig. 3C~D). oVl A o
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Actin »

Fig. 3 — Effect of KRG on 6-OHDA-induced apoptotic signaling
pathways in C6 glioma cells. Cells were pretreated with
KRG for 1 h and then exposed to 6-OHDA for 24 h. Protein
samples were isolated and prepared for Western blot
analysis. Protein expression of pro-apoptotic Bax and anti-
apoptotic Bcl-2 (A), phosphorylated and unphosphorylated
forms of JNK (B), and cleaved forms of caspase-3 (C) as
well as PARP (D) was measured. Actin levels were
monitored to confirm the equal amount of protein loading.

shH 6-OHDA®] 553 C6 glioma A|ZEAFE] T3t KRG
AAR G a7 Ba-2 W 571 Bax 3 A4, INK A4k
5} 24|, caspase-3 Y PARP #4313} A5 E3) wi7i= i
01@94 AT Aol QFEES SH-SY5Y AlZelx] MPP*
FrEE o FEAA 2ol Bax/Be/-22] 71, cytochrome
c 1'2, caspase-3 @A AA|gto] By uf gty
o2, 6-OHDAR 5% AlxAPEe] gk KRGS X%
713& e 93 o g Aad AEA ERIs] St
o] INOS?] &7} NO A& S743skict. 43847 6-OHDA
2lglel oJ8f iINOS] &yl NO2| o] B ZS71E 3l o]
+ KRGE AAe] gomrm 7hawirkFig. 4). o1x2] A7
HE therst WA ks 2-8-81e] 6-OHDA”} iINOSe|
7= S NO S faeta, FAEES Al o]
AAER 79 ANBAE B 28-S 7S Busigiy s
|, #* 6-OHDA 9 th3za] 5-F2E212] lipopolysaccharide
FEE AARIES] DNA &4 @ oRFEAIA 7oA INOS
7He &5k NO A o]$ mEEEgo} 7|50l o] &
& 3= Aoz g o
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Fig. 4 — Effect of KRG on 6-OHDA-induced nitrosative stress. Cells
were incubated with 6-OHDA for 24 h with or without KRG
pretreatment. A. Protein expression of iNOS was monitored
by Western blot analysis using anti-iNOS antibody. B. NO
production was measured by Griess assay detecting the
amount of nitrite released into media. Data are presented as
mean+S.D. (n=3). **p<0.01: vehicle-treated control vs. 6-
OHDA-treated alone groups, *p<0.05 and **p<0.01: 6-
OHDA vs. 6-OHDA+KRG groups.
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o]% Al¥ oA superoxide anion?} NOL| ZAgro 7 APA ]
I S HkgAdo] st ARFEZIR] peroxynitrite®] %S DHR123
Aleke Abg-alo] S5tk C6 glioma Aol 6-OHDA(200
uM) A 2A] peroxynitrite] AJ4do] S7HES FFUEE 54
ko 7 sholgl o o]_‘: KRGO Axg|= 7L*Q°45}(F1g 5A).
Peroxynitritet= 32 WHSAJ 02 Q18] F2.3F A A}
S ABIMA T2 9 S mEATIY T g Ak 59
SLE7F nitrotyrosine© |tk ARG A S T3l gRISE A
6-OHDAZ )] % nitrotyrosine BA%0] AA3] Z71=aL
KRGE | HA st MEelM Aoz oz AAdso] w2 A
< ESIICH(Fig. 5B). TAE o] 2] Aol 53] Qi)
A 7heell g3l aitsl o] o] Sk peroxynitrite
9} AAF] 27 50] ZFbEo] AXE bl QlepE

SHH, KRG7} 6-OHDAR F5¥i= AAA AAAE ARde
sl Ro A8 2k 2871ds qidsl] flsto] Aol &
Ash= thEZ Q) alsl G409 HO-19] 238 Western blot.

2 SAsI3in) AAell= @kaE 9 ATl 25k Al
SZAPEe] tiste] theFst ksl Oi Al2glo] EAjg), &+

i

o] 50| o8t AAANE HE o] I glow 161?* a3k
©2 HO-190 ot #4do] Hx) zokx]aL gtk HO-12 4ks)-3t

2 HEgof] TI7Fst AFo] AEHA \:}uuﬂi, teksk 5’:2‘} a1l A

3ol 3lof, Ats}, AT, AR, AlFAFE A 285 2=
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Fig. 5 — Attenuation of 6-OHDA-induced peroxynitrite formation
and subsequent nitrosative damages by KRG. C6 cells were
pretreated with KRG for 1 h and 6-OHDA was added to the
media for additional 24 h. A. Intracellular peroxynitrite
levels were measured by using DHR123 dye. Relative
fluorescence intensity was calculated regarding control as
100%. B. Formation of nitrotyrosine was examined by
immunocytochemistry using anti-nitrotyrosine antibody.
The representative images (left panel) and quantitative data
(right panel) were indicated. Data are indicated as mean+
SD. (n=3). **p<0.01: vehicle-treated control vs. 6-OHDA-
treated alone groups, *p<0.05 and **p<0.01: 6-OHDA vs.
6-OHDA+KRG groups. a: vehicle-treated control, b: 6-
OHDA (200 uM), c: 6-OHDA (200 uM)+KRG (0.5 mg/ml),
d: 6-OHDA (200 uM)+KRG (1 mg/ml).

Zow dHA 7] witel, akskd 9 A5A HAgo] wirlek=
B Ao fee xgEsos & FEg vy Qg 5
3], HO-19] 28 ol hemed &3l AHas, & daksieba
(carbon monoxide, CO), H&]54] (bilirubin), =¥ (biliverdin)
5o] olelgt B a¥E wivishe A o® FEar Stk

£ AFellA C6 MaEell KRGE A8k Al7tel uhE HO-1
chalzl o] W3L= Western blot© 2 g1t Ax} A)7ke]E# <1
7 Belom, 53] 12A1k] Hu= ddso] A& 0% f
A=) Ack(Fig. 64). o3 HO-12] &S 9] HARIRIR] Nrf2
of oaf s W= ZoR UdHA glow, & AFei= KRG

= C6 Alzoll HelPS v IskE B35k Nrf2e] 2495171 64

Zrje] ﬁdﬁ =% 31tHFig. 6B). KRG #l2]el 2]afiA] Nrf2
o] whilkE )= Go) Al Wiy §lgl7] wiiell, KRG=
C6 A3 IH Nrf24 LHT7IH TR QA FEl A RS
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Fig. 6 — Effect of KRG on the cellular antioxidnat defense system.
Cells were treated with indicated time with KRG and total
proteins were extracted with RIPA buffer. Protein expression
of antioxidant enzyme HO-1 (A) and activation of redox-
sensitive transcription factor Nrf2 (B) were assessed by
Western blot analysis using anti-HO-1 and anti-p-Nrf2
specific antibodies. The levels of actin and Nrf2 was
compared as loading controls.
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