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The Effect of Ginseng Saponin on the Dopaminergic Neurons
in the Parkinson’s Disease Model in Mice

Chang Ok Kim, M.D., Ki Sok Kim, M.PH., Young Buhm Huh, M.D.
Byeong Woo Ahn, Ph.D., Beom Seok Han, Ph.D. Kwang Sik Choi, Ph.D.
Ki Yul Nam, Ph.D.* and Sang Woo Juhng, M.D. **

Department of Histopathology, National Institute of Toxicological Research,
*Korea Ginseng & Tobacco Rescarch Institute, Seoul, Korea
“*Department of Pathology, College of Medicine, Chonnam National University, Kwangju, Korea

Saponin has been known to be a major antioxidant component in panax ginseng. Recent exper-
imental study suggests that some antioxidant materials prevent Parkinson’s disease caused by
I-methyl-4-phenyl-1.2,3 6-tetrahydropyridine (MPTP) in an animal model, The present study was
performed to demonstrate the effect of ginseng saponins in the Parkinson’s disease model induced
by MPTP. To verify the effect of ginseng sapomin on dopaminergic neurons in the mice brain,
the tyrosine hydroxylase-immunoreactive (TH-ir) neurons were ohserved by immunchistochemical
stain and immunoelectron microscopy (preembedding method). Also, in order to estimate the im-
munoreactivity of dopaminergic neuropils, they were quantified by image analysis, The number
of TH-ir neurons of substantia nigra was significantly increased in the high-dose (0.46 mg/kg)
ginseng saponin group compared with the MPTP injected group. The immunoreactivity of TH-ir
neuropils in striatum was significantly increased in both high and low-dose (0.1 mg/kg) ginseng
saponin groups compared with the MPTP injected group. In immunoelectron microscopic
observation, TH-ir neurons of the control and both ginseng saponin injected group showed normal
nuclei and well preserved cytoplasmic organelles. In the MPTP injected  group, dying
dopaminergic neurons showed destroyed nuclei and cytoplasmic organelles, These results suggest
that ginseng saponin has a protective effect on the Parkinson's disease model induced by MPTP,
(Korean J Pathol 1997; 31: 805~8§14)

Key Words: Parkinson's disease, Tyrosine hydroxylase, Immunoelectron microscopy, lmage
analysis, Ginseng saponin
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o] areddfel] EubEl qhazdlolvid wl shglsw

ol 7
2 T HYd AR ks A
Aoz & g viH AT AAHez 2 g
gol AWEL vk 2 FollA v Hg 604

olgde] =rlSelA EE FHEE Mol 3Hle
« o#7hA flaglH 2l shSag qERs §
*“":' b s, 55 HAE dejHoez Ea
gl AT wHA gl MESHE Q15 S5k
wot ofjel w94 HuhE Eubste] xelEol AL
An) o) Aghole).

F] Lol zHEISM BellE] odotrh Abdlbs] Fleis]
b gld|, meperidine| vlekel 4-propyloxy-4-phenyl-
N-methylpiperidine (PPMP)2] gF4 gl 4] 7] =
shle] BAbEel  -methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine (MPTP)S CBLI6 AF ol 7] ol F dix
AT dzael] g At ql ety o)
o] FolZla ek ! MPTPE: adaf Seolldd sidb4d
Al farst dEERl A3 (rigidi), AH
(remor)d} HA o] afilyg AAHAE EHE Hel:
WelghE wWaks fuAzich ﬂm sl e )

& Wl F levodopa, carbidopa-& 1A 4Ql 9143
4 asne Adew wam ARAL ol A% 9
Woll 4] AlgfElw glet A7 AEe] £ s

Rl AR o ol felAlAl g el

Qe Ao A B bl FRNAAL 7
3}, 2Ed2dd oigt golalie] glchm shdf ¢l4)
B Aabe el gleig] HAz)Ee] =R EH
o A el Sy, el Aupge] ur

oz QAR AHsIL o] FolH o)F A
«:-ﬂ egh <F2l#hy e} g es o)foiAa gl
ou] o Folla] o4 AZUE ol4be] Fo HRE
o shid FEAAAN ol iz FE AEE
GERAE T A el it BE 44T pe
zZhgeo| B =i gle} R zels g4 Ed S %-
2A7A) oyl ARG A= Mo o
HAAHed Hazalels =spqglet s=3fql oiAde] 5
B85 ZA s el B-hydroxy dopa-
mine 2.2 |5 SA4AF] FF o= Q4baEd
A4 WA ALEFEe $4F nhe 2"
7S el SN A AL e

8 xHE S4AH e 8o 2dlelld e 94k
Axde saiq]l AREAde i A= A9 gl
+ H3 ek

wheha] B oedTtol| A= Sl4bAEY ] Shlao) o)
i fabE gleli?] §lebe] MPTPE CoBLi6 3«
Fofle] sFlee Rl b= ol Eue] o
8t wapgl AZAEL] WS doby g st

Iz 3 Wy
. dE=sS U Uy

24 95" 79 CyxBL6 4HE ALk
nHA4E 4 FEEE AREA 4H8 55 €9l

EEAE 2L 25 2342°C, AR 5545%,
71819 15/hr, WYk 124)3F (Z7H/7:00 ~ 19:00)

2 akglck MPTP= Aldrich (USA)4] g &l
aoel4be] & A (otal saponin)d 61T Gl
ez FEl Alzd Aoz iy
oll4 FEidtch di=F g9 d¥dTos 7 Sufely
2] CuBLi6 455 A&l

2 A erE 54 308 Fel o
A AARAErE SReAEE R, MPTP Fof &
Al tedr B34 308 F MPTP 30 me/kgd %
daebatalel. QA RN AR ol gl4bA
EFdg 01 mgkg IEEF Folad U4AEUE
046 mg/kg HFF48F 305 F MPTP 30 mg/kes
ST FoFRE 7Y Fel AEFEE ¥
Fralg sl ok

1 HHEEEHS HY 3 ME HEEY

1) 3F32EH 9 TH (tyrosine hydroxylase) HYX
&g HE] 5w pentobarbital sodium (60 mgkg)
g Bggstel WA F FRE AAlela
414 & %Ealo] 005 M phosphate buffered saline, pH
7.4 (PBS)#} 4% paraformaldehyde§99 (4°C)S e 2
A7 F HE FHEdch #HEE He brain
matrixF AHg3be] 2 mmFAlE LAY E ER
+ TEES9 A=A Edehe diE 7 E S
o] SedchHE RS thEe] YUY 23 WA Fa
HE AE 0% sucrose§el] FHAZICE HHA
e FHAEHE AEske 30 umTA R Ak
AN-E Altsieln, =H0H4F F3 7Y He)
o dlsto] A1& Alasigich. TH wlefzasjete
A (free-floating) & A-8-sbsich

] =238 o] AEE dAFAE mouse
anti-tyrosine  hydroxylase (Boehringer Manheim, Ger-
many) i 0.3% Triton X-1002 1L5% normal  horse
serum ' 0.05% bovine serum albumine] FE%HE PBS
ol 1 : 200022 & Hsle] 4°Cell4] 2447} gk ul
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oA # et PAEAel A qh-g-e] €£viF biotinylated
IgG (Vector, USA)S 1 @ 20022 #]4&ba] 14)3F v
=471 % avidin- biotin peroxidase complex (Vector,
USA)S 1 : 10022 3] Asle] 1470 ghea#dch at
Auhg2 0.02% 3,3°- diamincbenzidine tetrahydrochlo-
rideo] 0.07% nickel chloride, 0.02% H:0.5 #o]4]
qr-3-A1FEet qhe] Pyt FFE double gelatin-coated
H Sale| o] REp4F] F A=Al ethanolE gt
7, xylenee® HFrE-E AHA F Eukin (Riedel-
deHaen, Germany) 2 -9 &5}

1 dOH FHEEYS

1) FFO| MAME & §F: TH Ho =256} of
Mg AR zAFol FUL FAvY APE
Aesider de9E =802 wSTNEE (ven-
tral tegmental area)2} HERd] (medial lemniscus)E
Ae)g A XU (substantia nigra compacta)$}
A wlARLE] (substantia nigra reticularis)2] TH <k
AkE-E Heol= A MES 5 FEEo|7] 200
wljztoll 4 Fdelelc).

2) MEASF2S JAEMIE 0|28 TH HYH
MY BFH: U9 da B85 =995 di= 714
w neglo) AEg delzielct LAy T 9Re
Ad 2 IBAS 4247 (Kontron, Germany)& ~H&
slo] HzAEg)e] TH wojodyd s =g
A Qo7 FHe] YEEE 550K ar
i F g Felsbells] 472 densitometry
e& ol Bele] FAHUt Densitometry= H4Y
o] scale Qo] #442 geale 2555 256uhA|2] gray
level 2 A7} ®lob &4 4] #As2d (anterior com-
misure) @} E-Z=eb3SE (ventral pallidum), 53 (nw-
cleus accumbens), 34 (olfactory tubercle) |2
g TH sk4ubi-& Kol vl ¥ (caudatoputa-
men)5-9] 2] W] A4-5 Sl

3) EHA2 ¥ B4 H459s] dGHE 5o
AN Az 7282 7S o B sy
A &4 A= one-way analysis of variance (ANOVA)
9} Student’s t-test® F2 42 HAsbgch

3 EOE ZES HYFIHAEDIE BY

1) BR1H: J48%eq A3kE A Py
T U Wvew Asfstalent age2 Ak
e S22 9l 4% paraformaldehydee]] 0.1% glut-
araldehyde & 4ol A&slgich S5y §F HsE
¥ vibraome (Dosaka, Japan)g A-E&hed 60 pm
Foll s ubEslel

2) HYEEsst @Y do=Hay oy 3
Stdv|d s 51 el e AdHEA F
A2 Triton X-100 ] 4led] 0.2% saponind- 4] 4] unj
Hltz=e] W& 2 oigh o sllsgich

J) BENIEAS0|E HEE /A8 ZEHA: wio=
Haleto g2 TH 9445 =25 0.1IM phosphate buffer
(PB)Z HH%FE 1% osmium tetroxidee]| 4] 2053}
FaAdHch FaPs =FL PBE I15EY AW
AHg X 50% ethanol 2 F4-8] A% sbe] phosphate
iond AAstgch S L2F T0% ethanols]] =21 1%
uranyl acetate = 3057 Azl as see o &
95% ethanola} absolute ethanol® <=3 o2 pro-
pvlene oxide® |33 3 aluminum boare)] == i}
epon-araldite resing- Yol 244]72F 244 2)Ea3z
ot FAFAF =S A58 E9F epon-araldite
resin® 2 FEof Al Fel, Eoflg] =22 o]l
ofl 4] TH 94 NHFAMEE Helsle] 4H4 ¥ epon
blockell H&4AlEe. =55 32417 epon blocks
Fauashel TH 44 AZALE 42 ¥ 00~
BOOA 2] Frl2 ol sle] lead nitratefof o g #H
Aed A5 3t obF FabE A o] # (Philips, Netherland)
o8 skl

b £
. =SS g 3 MUY RN

1) S22 TH 2M MAME 2| &3 (Fig
1 F3A2] TH ¢4 AHGHAE = dlz=To ulf
MPTP ool 4] Fol4 sle T4aE el &
g elibAEY o] el MPTP S-of 7tol] H]zl
FoldelE Hol7t glelen) neefF el4gEd] £
of Fell = MPTP Softell vlal] feoldals &9
5 H¥glc) (Table 1).

2) MEHFRL HUEYI|E 0|E8 TH HHEY
MM &FH (Fig. 2 d=3F Eiksie dix 7=
512 TH vl = == i 8o dlef| 4] MPTP 5-of ahof] 4]
v v R glol] A wisde]aq4de] i)
HaE ey Sl FHARES e Fug 34
= WA= A gketct. vldaE] e B FoME F4
B o]zt ele)] TH Hioded g 47 HH
7} 2|% o]z ided vls o H=r #Has
ok, ey 5 rpA]) el gl4AbEY Kol ol
A F9el o g el 4le] Helw FEE 2 o
gk}

AzaFHell 2lelA] =d-4FE47]2] densitometry 7]
s ol 8% TH ded44da ks E4a04 A
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Fig. 1. Phowomicropraph of tyrosine hydroxylase-immunorcactive (TH-ir) neurons in the mouse substantia nigm, A,
Control proup. B, MPIF mijected group. The number of TH ir neurons is decreased as compared with control e
C. Low=dose ginseng sapaomin group. 1), High-deose ginseng saponmin group. The number of TH-ir neurons is increased
as comparcd with MPTP mmjected group. Scale bar=100 1m.,

Tahle L. Quantitative analysis ol tvrosine hydroxylase-
mmunorcactive (TH-ie) newrons o the substan-

lia nipgra
Group Mo, of
) TH-ir nourons
Comtrod T E2 N
METP (30 mg/kg) injected a6 8+ 3.5
Low-dose gitseng saponin 4H6+24
(Saponin (0.1 mg/Kg)
amd MPTP (30 me/Kg) injection)
High-dose ginscne saponin b2 =4.2%

(Saponin (046 me/Ke)
and MPTP (30 mgEe) injection)

Values represent mean | 5. EM. Statistical smavss s car-
fied oul one-way ANOVA and Smdent’s -test. ¥P-]0.010
comparad with MPTP mjected gronp.

L

deok ol mabuE sl4lAbAEs] Feddt RS MPTP
TFred el wld] Gold sle Aelg WPEISIE (Table

20

: ZONE WHS 0|28 HYSIFXSDHL
B (Tig. 3, 4)

Wz} MPTP Foif Wl sl F51 Fofil W
FollH THell G yinbis Keliz Al Adlsss
FET A EZT (rongh cndoplasmic reticolam) 2[5
&, viRZCelolt ARG 82 FES oA
GEAL wel PRAE BASH o 4AHE WA
A pEwel. aEop MPTP 5 of el Solzkar
Gz Hakml Aldalis AEs] @i el &
Azle| #el AzF GE dak eelF F ARG
=, dark cell® tHasg 3 QiR RN Fod g el
3514 shgdel,
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Fig. 2. Phowmicrograph of TH-immunomeactvity in the mouse sinalum,. A, Control eroup. B, MPTP
injected gronp. The miensity of TH-ir newropils is decreased as compenal with control aronp. Seale bar=

106} 1.

Table 2. Gray scale of TH-ir meyropils in the soiatum

Gray sacale of

Group TH-ir neuropils
Concrol 110.6—1.5
MPTP (30 mgkg) injected 156.5=2,
Lomy-cowe: ginceng saponin 126.9—1.0*
(Saponin (0.1 mglku)
and MFTF (3 mgkg) mjection)
High-duse ginseng zaponin L0+ 1,7+

(Saponin (0,46 mefk
ahd MPTP (30 rmpfke) injection)

Values represent mean 8.5 M, Gy seales are measured
by image analyzer. Gray scale 0 is black, 255 is white.
Statislical anaysis is carmied out one-way ANOWVA aml
Student’s -test. *P < 001, comparcd with MIPLF injecled
Qroup,
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ek sElEEE Fpde] G ARTE st
# furadlel o A&ny AELEE Yoy
Aol 2alEal, olE Feael® AdEan B4
A ERA A A AEE F2RAR A AR

el AHEs s gEctnl AEH 7|k
TEE e UT ARsMde] Lipm Q7le]e| 2
o, 53 SAREH] =abgld A WA o
AN o Aoz iy glv”

3 SaplE =il ATlAale] A7 HEE
Al =23 (yrosineie] ¥l E 474 gmyosine
hydrerylase, THNE 22 =3 (DOPAIFF =)+
Fabs Trbebebab A (DOPA  decarhoxylasc)el] 9
# Raple] Aw SFEEL mRelapEde ) n
a2l Z=R1E oAl dledEgie g wwals) g
o el e gt TH: =34l 34l
e HrEal A& A (rate limiling cozyme) = 2o 4
ilrf_lﬂl

MPTPal 2t A Z48 3H4 heroind 71-Zo
R AGREe] W ST 248 Helw
A skedA) | Al ste] - dl, Davis'S'ol PPMPE M4
gh 234] Al Rgadold Hae waydg 4
e g Helohm Hardh o)u]e Te o
T7F elFol gl MPTP: 7 $i4e] S0 oz 8
oAl 7he slghstAl SA4EF 4 QosAnE da) )
felAlle a3 AFsl o4 APEHE Hu
aled™ AP 2 5 AAE HAelHen iz
shel® Bae waA AR S Fol o
AL 5 THeAFR sl gleldE To]m
B AR wubsd ol TH e
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Fig. 3. Immunoelectron microscopic findings of low-dose ginseng saponin group. TH-ir meurons in
substantia nigra show well preserved rough endoplasmic reticulum, ribosomes, and mitochondria. Scale

bar=2 um.

vl
T

Fig. 4. Immuncelectron microscopic finding of MPTP injected group. The dark cell shows nearly
destroyed intracytoplasmic organelles, indented nuclear membrane, and chromatin clumping, which
represents dying dopaminergic ncuron. Scale bar=2 pm.

AZAEL] At ghasle] Hazae] A TH
maledfade| ZhaFckn g o MPTPE] 54
714g obz s WA i glev AS7H
A R Fadt Sdvidlene A o vEE
Calofel| 4 2] NADHS} gh gl 4he) db-goh NADH
dehydrogenase %4 £7} MPTPEE= MPPef| =)&) 4]

o d5)e] 1 A ATPEHE 2wl slog 54
2 Jgepicks Bast e o g shis MPTP
S MPTPE] dlA-Ee] whgde] & HANRA
o 7l a2 fae] ZhE Fagk AiAl (macromole-
cule)eb AEE ZHA =AU e e wkg
A A x| AEe] AAdE EdiEe] dEd AHE



A% 2] 790 kgl o] Talgl A7 Ee]| gl gl4bdE o] o3k 811

Eqgt 8 AdiAlel] 42 £ §les MPTP
o] HAE YebHck= Aol zl="e Mppa}
v|EZeglebg] A E Hayutoez oz
iAol @ikE vH 4] HESHES 7l ectn 59
ch et gh4bstE o] gRAka)l wE-2-9] ol
& 9dslis superoxide dismutase2] <)) al|2] diethyl-
dithiocarbamate & * 2] &-4 & of MPTP2] 54e] t
5 Frhgches Bast 9o weby ol ® MPTP
2] deiEg]l AFME S47H4L Aoz A
a flv el

A4te] Hren HotzAnl 2E28 Ay %
4t a4 fvrl Bw wgln®, Ql4ke] Faa A
ol tigt Ffog= FEANAAL e} g~
off gt wojzbge] ivia <ald gl = g
A A AASE AAE4e AdeE HE
o] gtew] cgbel fhy HAr|5e] zhE] 5
AE, ool e Harl gl Moz g g
o el Ed S cl4be] o AR F2] dhlea
THAHEA AEE mr FEA22 epdic
I oshg ™, ol2ia obuHel B A4Ele] &
Hell g Aoz Y=ol e Q44 EU] &
ol whal &g Folollde FRAAAN TR
E ARsn digfodie oaldes =g
aoabelel”, @l4be) M ez el malol, sali-
cylic acid®} vanilic acids} 4=l h2k3tels 2 g)
of " ofa]7la] i) A4Eel didled HE Ao
deka skaleht. PENe olewk ababnl v
superoxide dismutase2] fHz} 2 A5 A 477
o golgha spgdch ldbdEU 2 A YL ek
A dabel Mabg A s oo™ A7 M E a7
e AN aeln Yasehded o o &
ol v BEHA7} ol 4™ ATPZe] 72
& AAANG Sk Q4AAELS ey o
off =A fEsE Aoz el olMElFal 414
Aol ZHEabed ™ gl Ao f%t, Zahela)
of #p7b Qleki= Mavl qlelch” almel 4 opzo)
28 Flg 2 dellE At ddckar selt o
M AL 2P AP FFE5L 077 o
Folefar Ao, mal ol g e o)
2] E3ul AR ALt Aoz odelxy gl
ol Hzallella Esinizt Taule] diala|e]l DOPAC
g2 FEE S7HAF 2" AubiEels) =718 Ky
_l::-I_ITr

2 Ag 3} MPTP Sojfe] ZAo|4:= TH <
A AFHE o)l tfamTe w|a] Fhasl akde)ql
ch. A g el4AEY FoFoll4] = MPTPS-of Foll

Hle] THYA 4AHAE 71 BAg=og 294
= Apel7t glgloy miak ol 4A4EY Fo e
A= MPTP Soffoll ulsl] §2l4 gl 7 R
Sack wheha] agal el EY Fof ol 4= MPTP
ol 913 A5 disle] Wolztge] gl e
2 AztElgch HEAE90] moddade oan
H712] densitometry 2 ZAd4F st MPTP 5ol Sto
el s TH Heled s de] ghislelon} =8
o A g Q4 EY SolfelH TH miodel
Aol d=Fw F44 X2 pray scale T35
LHER gk MPTPS]| 2]41 TH wiede] 94 2] 7+
=7t iH ojddziazl, el u £l
Wi Helehs Bart gdsled ™ B dFe e
MPTP Fofato] offbite] edodolld ulst Adas
Halel e S22l 2 o)4a) 2t 4= TH
e d g4 it Halsla) gkgkAlgr A n|
g3 2tee] TH gl 4ge| gh4o] 7hab Ha)e)4
ol 72 Aol o okde|gic). ®F £ slx] &
i gl EY Fold ESeas ekadolmza)
o] HHNF FAde] TH widedg4ale) o
) ) ghgton] o)y m7es] A MPTP
Folyat Zel TH wlejed a4 el Mo o7} #
o] AR g E vl H4S Rk MPTP
off 2lgh SupulAd A7 HEel] oj3 S4e Eme
Aucks Esiqgldd MM FEe] Fabulchreel 4
Al HA 2opa g nt wi e waiy
AFAE 2] FHL ZE AA7re] 23 FHHg
VA o, HYAte] e oks) Hof B oo
o H 2} o] Hzaefl4 ol 4R 472 o] L4 THo
cidk wHelg] i s] o] MPTPe| 28k Sabula
AEAMES] E4AEE obad] F8alalal 427)=)

W FtHAHeE B dzF 9 Folx
Befe] QA EY SolF BNel4 ¥ TH uwie
Hbe4E Holes AHAEE #o]) SZ2a vy
FHEE Kol ARME2 o)y F= HAS o4
AT WA gkskel. v MPTP Fof el 4
E Folrkal i Fabyl ARMZE 4EFET
R dalsle] As| it gle dark cello] 29
ch. TH i eif4e] A2 gl dark cello] 4 = 41
WAL walFze] wdo] vro] zaiE akale)qd
b MO dark cellell 4= Ealgl $Hde] #e] o
FolAA e Zleg gichslgic

olde Atz Hol UYAEIL MPTPY| Z4
A1 T2 shdgl 25y AR Ee] wHalg o)
e vl 9le e arhulglch
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E =

A9 =l 2olefly ol Ede] oy
Walea qhe e olmaal MPTPS} @14h4
ES CoBlis BFel Folale] HA Hza 29
2] THell ohgh wioz=8le offa} o 45475
ol gste] TH oblub5& He|= A ML59 TH
wlgd el 4oy F25 SAsn wod5atA
Aoy e Agstel ofgat 22 Avg o
ek

1) H3A2)2] TH o4 £Al74E9] 2 &4 u}
ARt Rl Rglell ] P Ao = Bak ol4ba
E] Fof ol MPTP 5ol el vlall f24 gl
= Aelr}l glalen) ngak olibaFy Ko ftel|4)
= MPTP Sof el wlal] f-214 slAl S7hebelc

2) Azafele] TH wedi4d s 48475
SAdueldul FrhA L2 gAY ol ®
‘Foll4] MPTP F-olytoll w|zl wiefed o] e
o, 53] ngek l4bEd FolFelld A i ql
AAED Fol Rk o 28 wiolda4g welch

3 HA AR E WY FaHAdn Y es
Pt E o MPTP FofFelld Sojzls Esql
A7d M E2] dark celle] HAbEgl o, =it o4t
Ayl BeolFdlde Ealgl A7 Ee] w])A]
o] HAgE T 5 glgld.

wpebd MPTPS] SA7145 2] shtel Hsujas
of] o3 Futwl= A Ee] WA dfsle] <14}
Axde] MPTP2] 417 M| ES4del cfsf whojzbig
i Aeg Azzglc
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