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The Effects of Red Ginseng and Fermented Red Ginseng on
Neurotoxicity in Mice Induced by MPTP

Hyunsook Yool, Samsik NaZ, Myongsoo Chongl’2

Dept. of Third Medicine, Professional Graduate School of Korean Medicine, Wonkwang
University

12Dept. of Preventive Medicine, College of Korean Medicine, Wonkwang University

ABSTRACTS

This research observed the interrelations between the active components found
specifically in red ginseng and fermented red ginseng from among the variety of ginseng
variations and the protective effect and anti-oxidant effect exercised on brain cells in the
animal model for MPTP-induced neurotoxic Parkinson's Disease and obtained the
following conclusions.

The results above comprehensively demonstrated that the fermented red ginseng
extract exercised greater protective effects against oxidant brain damage by MPTP when
compared to the group administered with the red ginseng extract. This was induced an
increase in TH protein expression, and further raised the efficiency of the anti-oxidant
enzyme defensive system against neurotoxicity, thereby restraining the lipid peroxidation
caused by the active oxygen generated during the course of MPTP metabolism and
enhancing the body's defensive capacities in response to tissue damage, thereby

demonstrating a protective effect against MPTP induced neurotoxicity.

Key words : Red Ginseng, Fermented Red Ginseng, Neurotoxicity, MPTP
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MPTP(1-methyl-4-phenyl-1,2,3 6-tetrahydro—p

= 335 A dF3sE7] $)ske] Table 13 yridine), reduced glutathion(GSH), sodium
2ol x+, MPTP Y5597, &4 50 mg azide, glutathione reductase,  nicotinamide
/kg 2 MPTP ¥& Foli, 2E34 50 mg adenine  dinucleotide ~ phosphate(NADPH),
2 MPTP ®¥& FoJt, #a 34k 100 me/kg oxidized glutathione (GSSG),
Table 1. Classification of experimental groups
Treatment group
Group Red Ginseng® Fermented Red Ginseng® MPTP®
(mg/kg/day) (mg/kg/day) (mg/kg)
None® - - -
MPTP - - 10
RG50 + MPTP 50 10
FRG50 + MPTP 50 10
FRG100 +MPTP 100 10

a : C57BL6 mice were administered orally with red ginseng extract(RG)
and fermented red ginseng(FRG) for 10 days, and MPTP(10 mg/kg, 7p) were

injected
extract treatment.
b ¢  MPTP(1-methyl 4—phenyl

into the mice for 6 days from the beginning 2 hr before ginseng

1,2,3,6—tetrahydropyridine)  were

intraperioneally (7p) administered before saline and/or ginseng extract were

orally administered for 10 days.

¢ : Saline(0.1 mL) were orally administered for 10 days.
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acid(EDTA),
xanthine monosodium salt, xanthine oxidase,
cytochrome-C &< Sigma (Sigma-Aldrich,
Saint Louis, MO, USA)AFS] A|&F& Ab&3}
a1, 71 9] o] ARk A kS Al 19 oS
AH&-3F 3

AF77 2= A2 7] (Beckman,
J2-2401PC, Johannesburg, Republic of South
Africa), v}4)7](Wheaton, NC, USA), 3%
S A (Shimadzu UV-2401PC, Tokyo, Japan),
Z A2 Y=7]sinbiobase DFY007, Yangju,
Korea), &% AlZ7](Millipore Milli-Q,
Billerica, MA, USA), A% 7](Brema HBS02,

ethylendiaminetetraacetic

Villa Cortese , Italy), X223 wul)7]
(BRANSON 3210, Danbury, Connecticut,
USA) % gd2FZF(Eyela, SB-9, Tokyo,
Japan), 1% WA AR E T3

(Shimadzu 20A, Tokyo, Japan) %= A}&3}
iy

2.

1) Monoamine oxidase-B A
= 373
100 mM sodium phosphate buffer(pH 7.4)
2 30 mM sodium azide¢} 7]EZ 10 mM
benzylamines &3 3ko] 37T A 303t wE
Az % 1.8 mM
2,2' —azino—bis(3-ethylbenzthiazoline-6-sulfonic
acid)®} 5 unit peroxidase’} Eg¥H 075 M
hydrochloric acide #7Fste] Hb-&-& FAA
72 & 414 moll A FFEE SA AT

2) Glutathione peroxidase &4

= 27
1 mM EDTAE 33k 0.1 M Q14kekE A
(pH 7.0) 500 pLell 100 ple] &4 A=, 0.24
unit®] glutathione reductase 100 pL, 10 mM
GSH 100 pLE 231 AA ¥-gdoA 5%

_4_

7F 1 mMe] ¥ =5 NaN3& F7bste] 37C
oA 10&7F ¥HEAIZL the g 340 nmell
A 3% &<t NADPHO| &= W3sts 436
Ak A wEE2 91 wkgdel] 15 mM

e F A% ge =
=
=

fof
b
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e I 2
o ol 2 L
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> % Bl
2
Tor a2 g
g il o flo
[ﬁ)ﬂ o
L
o 32
B 2 oo il
ff% S

0.868 (INADPH] / [GSH]ot X(Vl /Vs)

o7l A, &4 A% [NADPHI
NADPH == 3}, [GSHlo; GSHY] #H 25 %
t; Rb& AIZE, Vip Whg o] &% Vs B9
o] gFoltt.

3) Glutathione reductase &4

= 33
EDTA-potassium phosphate(2 mM/0.2 M)
458 (pH 70) 05 mL, NADPH 0.05 mL,
20 mM 2F3}a] glutathione 0.05 mL, 32} 5
T 04 mLE 1 mL Cuvetteoﬂ ge 3 30T

e}

o =
340 mmel] A NADPH9] A= Aoy
2502 =439t} Glutathione reductase
e Gl d ng F 18 59 A4Sy

NADPH®| nmol 2 A3}t

=
ha

o | 2o | G T A

4) Dopamine¥} = thALA] g F

491 MPTP: S5AHo=
a7 2 E 22 dopamine

sz X Z 2| of] A
%‘X stttk AFHE5E A
=% AxA 2 4 01 mM EDTAZF 2
st®l 0.1 M perchloric acidE & 3HW/V,
1:2008F oF2 9AE2(12000 rpm*15 min) s}
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Mgk ohs, HPLCE o]l &3te] A48k 3ith
Mobile phaseo 4+ 0.1 M acetic acid—citric
acid (pH 35) 83%, MeOH 17%, 01 mM
EDTA % 05 mM sodium octane sulfonic
acid7} g-5o] 9l %lt}h. Mobile phase®= 0.2
UM membrane filter= o] ¥}sle] AFE-31S S
B2 7S Symmetry C18(4.6 mm idx150
mm Waters, Milford, Massachusetts, USA)&
Abgstgl o, 42 05 mL /mne 2 24
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5) Hydrogen peroxide &% =

3

100 M
ammonium ferrous sulfate, 100 mM sorbitol,
25 mM H25047F S =5 A7 &3 &
S FOX I AleFo & zA&ta, Al& 50 Lol
FOX T AleF 950 s &3t & A2
HA 30 ol WA v, A4+
A" 548 AASAL, 560 nmol A
Az FAsden, dtstsss
o7 3
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6) Malondialdehyde 3% =3

wHzAA] 10% #2Y 02 mLe 02 N
HCl 0.1 mLE &%3te] 60TelA 80zt 7+
Aot A 5E 7teEsiAlzl oy, 7l
sk Al&9] 04 mM 1-methyl-2-phenylindole
0650 mLe}t 37 % HCl 015 mL & ¥ &3
Al 713 45 TollA 40% &< AR o3
LA (9000xg, 10iE)3te] D& s H o]
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= 271 9] 8k
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8) Tyrosine hydroxylase®] ©j

@ WY 22 9 g4

B RS FA CIBLANTHE 20l A
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2 4
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compoundE ©]&3Fe] -70ColA A& e
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pars compacta; SAXLEE A7 A E)e}
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extent) = FTAHSZ 30 pMTAE coronal
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THell F2% =949 AAAMES] & FAHLS
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¥ %2 717 A%, Gl(normal control)oll
M ¥ 529 tyrosine hydroxylase %A
whgo] @ praE o) G2 (Sallinet MPTP

Fola), SNPCH- 944 TH-IR neuron®] Gl
By @438 gAass 2ZAth G3 (RG 100
mg/kgt MPTP)SNPC % G4 (FRG 50
mg/kg+ MPTP)SNPC, G5 (FRG 100 mg/kg+
MPTP). SNPCH##]o|A4+= TH-IR neuron]
Aa7F G2oll wls) Jidge] & #AFH AT

Tyrosin hydroxylaseE ©| &3t g4
B7rell A MPTP 2 F-& Al 7o (G2)ol H]
sto] a4t 2 A4 Foltel G3 (RGL00
mg/kg+ MPTP), G4 (FRG 50mg/kg+ MPTP),
G5 (FRG 100mg/kg+ MPTP)ol| Al A wh-8-o]
zZ R E Ao, G49F GEE M st S
FTEo mE Aol TAHA ZUTHFg.

7).

AA7HA dH ] gFlEHe] Aoz =
Abstd ~Ed 2 Bramyloidel 22w
o] HAAA eFor Euwl AAHe &
ol ok oz HIHI glow F7HA
ol 9913 FHAA 29 BHF W] A
#osts Aoz dHA Uvh9) FEH S
A4 Q¥ : Fdo] e Howm 4y
A Qe B42 a9 F AxAY A
A Foll FUUAAR ®ol o]&Ha =
MPTP:E= AAESAEAZ Algolt) FE&E9
A Adeldog SR vl AR
HHs doglo=y H7EY9Ad &

ol A1 monoamine oxidase®] <]& A HALE
el 1-methyl-4-phenyl-pydridinium(MPP+)
o2 H#HI, MPP+= ANAAEL ¢toz
£0]7} mitochondria®] #zbels AbEe]
A I (complex I )] AlS A sto =
ATP BAAA, AHFEA FAd9e &9 &
et G4 S F7F AlRith14
T MPTP= A& 22 &7 (blood
brain barrier; BBB)S Al SstHA
monoamine oxidase Bell ¢]&] MPP+= 4ls}
31 catecholamine A&7l 23] 5o]3
2 AAEE TS munlg A8 A
2 &4 A7) =3
< FE TYAA dojur =anl Al
¥3Fet = cathecholamine 42 A

3 A (rate
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rood mot Re
oo ox M [o

limiting  step
enzyme)@! tyrosine hydroxylase(TH; tyrosine
A wde g
tyrosine 4Fstol™| 1 4FE<Q1 L-Dopamine
2 T} A] aromatic amino acid decarboxylase®l|
o& =awlow H3E o norepinephrine?}
epinephrine 59 ol Ay=d=2 A&st
A @rh18) wekA Tyrosine hydroxylased]
Az Ay dwAe] gy 4ol 17l

o Wegl gl W F
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fo
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= 9 1~2%+ univalent reduction® =
superoxide radical(O, ° —)hydrogen peroxide
(H202), hydroxyl radical( - OH)% HH3-4 o]
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U SSH0l MPTPOI 2o R dH2 dF=H0 0= &

)¢ 2 FANAFIS0)C R ASkE A o 7= ClAMALEU ginsenoside’} FAE
A ukaket HF2-35l= alcoxy  radical(RO - ), o2 FFANAY T7 AA e 2HVFH
peroxy radical(ROO - ) &3 #2 wH&A 9] 71998 dFS v A ETEHS 2o
23 wel7leEs AdsA @u2D w7l EHNEDe] das Fo diideg 34y
& Ax FAEE)] Ad, dwd G o RNA$H DNAS #4= Fxlsta =3 A
DNA ol thste]l vl de] 2] H 719 %<l o} Hgs S7HAA FH, Fdabst 28 9 gk
7 &S oM AFS e 9y sl &4 d4d FagdEd dd Jd4rr 2
A%k oF G, w3 AFES od, 8 Ha¥ il 9lth3)
Aot i 9 oARd 2AL 9% Ak A 69 2 e RS AlASEL
xS A A REgete] dwe] A ukg WA S MA] ARAIZ AR TFA
o7 AAINIE Y= 5 4F 2y WHEE st A EgAle] SRk Zhdo] gl
2L =40 #odt= Aow HuHa gl 3 FAeE A FHAA AEZE
th22-26) AAel = ol¢F 2 7= ginsenoside”} Ay ¥ o theFek ofe] #H&&
fraf gk 8ol thste] TEA R AT e H30-32) ol g TEAAS S
T e BoJAAE ZFa de, 1 B o] AL e wigsE AA i 1
714& AA el kst &4 Edo] A A3 e T4t S
to=A FE7lEe] AAAS JAAY A 2-methyl-3,3-hydro-xypyrone(Maltol)©] A4
dE FE7lES AASeE BoE e A "o =3 4 fr1hbE SR 4t
ATH2Y) G ATES T OE A A= Ay gdsdoe] AE 1 oFg &%l
a3l &2 SOD, CAT, GPX%5ol &4 Z3tecka 3 33)
st olE2 AR F AAEE g4 a3 olyg A4S BTolA 24
ArE ayHor 2AFTHR) I A Fosk 23] A v TC7HA A
JEd2 deAd de GSHE 27 24 WAAZ & Abxd AR G o] 5%
ARA MEES T8 Bxs A H9 okt vk Ql Lactobacillus casei 2%E #
HrkstE WojsteE FdAks 714 ZEal gl TAIA 7Y B A Aol
th29) dA7A g AEHUHE = weka AzE 4 9 dE Aol
o9l AFEE L-DOPAE Fog=z4 ¢l s} Zgo] 9% MPIP % 97129 5%
ozl =IHls HEFeteE o] ARSI nd AASA A7 anE JES] 95
AARE B AT AT A A EHH of AF e Mo AtstA &S A 5
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£ 5 A4 FR8S zdcte Adew & Headol diste] AAsAT. 4 FE=
HA AL Qlvh wEbd HZole AR < 1047 A+ T t3 MPTPE A+
Byol FHe oA 2HS Fa g of H7HFo1(10 mg/ke, fo 6day)ste] AkstA]
kAot FEdEES ol&S AW 4 EdE FEAZ F ST w9k A A7)
Wog Az gigh AFEo] thgshAl ol % H 2AS AFEY #FAdew e O
oA i U TH9-12) Al FeEste] Akst a4 &4, A AAE
o1 2F(Panax ginseng C. A. Meyer)< & st=9] &, Hitstrie dF 585 T4
wiabe] Eek othdAl 2891 14k (Panax o2 Ayt
ginseng C. A. Meyer)9] #2] 2 1-3 AlFix ol¢} e Ad Aloa SOD A& H]
Aol Hx=E 7|FEo] o, dite] A W EHE MPTP Folite tjzatol vl &
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Fig. 1. Effect of red ginseng and fermented red ginseng extract
treatment on superoxide dismutase activity in the whole brain, cerebral
cortex, and substantia nigra of MPTP—induced oxidative stress mice.

[], NC(Normal control): saline(0.1 ml) was orally administered for 10
day. 4, MPTP: Mouse was administered orally with saline for 10 days,
and MPTP(10 mg/kg, i.p) was injected subcutaneously into the mice for 6
days form beginning 2 hr before saline treatment. B, RG5HO+MPTP
Mouse was administered orally with red ginseng extract(50 mg/kg) for 10
days, and MPTP(10 mg/kg, i.p) was injected subcutaneously into the mice
for 6 days form beginning 2 hr before red ginseng extract treatment. N,
FRG50+MPTP : Mouse was administered orally with fermented red ginseng
extract(50 mg/kg) for 10 days, and MPTP(10 mg/kg, i.p) was injected
subcutaneously into the mice for 6 days form beginning 2 hr before
fermented red ginseng extract treatment. B, FRG1I00+MPTP : Mouse was
administered orally with fermented red ginseng extract(100 mg/kg) for 10
days, and MPTP(10 mg/kg, i.p) was injected subcutaneously into the mice
for 6 days form beginning 2 hr before fermented red ginseng extract
treatment. The values represent meanS.D.

a:p<0.05 and aa:p<0.01 : Significantly different from NC group.

b:p<0.05 and bb:p<0.01 : Significantly different from MPTP group.

cc:p<0.01 : Significantly different from red ginseng extract group.
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Fig. 2. Effect of red ginseng and fermented red ginseng extract treatment
glutathione peroxidase activity in the whole brain, cerebral cortex,
substantia nigra of MPTP—induced oxidative stress mice.

aa:p<0.01 : Significantly different from NC group.

bb:p<0.01 : Significantly different from MPTP group.
cc:p<0.01 : Significantly different from red ginseng extract group.
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Fig. 5. Effect of red ginseng and fermented red ginseng extract
treatment on glutathione reductase activity in the whole brain, cerebral
cortex, substantia nigra of MPTP—induced oxidative stress mice.

aa:p<0.01 : Significantly different from NC group.

bb:p<0.01 : Significantly different from MPTP group.

cc:p<0.01 : Significantly different from red ginseng extract group.
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Fig. 6. Effect of red ginseng and fermented red ginseng extract
treatment on dopamine and it's metabolite content in the whole brain,
cerebral cortex, substantia nigra of MPTP—induced oxidative stress mice.

aa:p<0.01 : Significantly different from NC group.

bb:p<0.01 : Significantly different from MPTP group.

c:p<0.05: Significantly different from red ginseng extract group.
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Fig. 5. Effect of red ginseng and fermented red ginseng extract
treatment on hydroperoxide content in the whole brain, cerebral cortex,
substantia nigra of MPTP—induced oxidative stress mice.

a:p<0.05 and aa:p<0.01 : Significantly different from NC group.

bb:p<0.01 : Significantly different from MPTP group.

cc:p<0.01 : Significantly different from red ginseng extract group.
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Fig. 9. Immunohistochemistry of TH-immunoresponsive (TH—IR) neurons

in the substantia nigra of MPTP—treated mice.
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