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Abstract

~
The Protective Effect of Herbal Medicine on PC12 Cell 3
' Induced by MPP* and 6-OHDA Neurotoxicity

Bong-Joo Kang + Seoung-Gil Hong and Dong-Wuk Cho
Medical Research team, KIOM

The effect of herbal medicine on 1-methyl-4-phenylpyridinium ion (MPP*) and 6-hydroxydopamine (6-OHDA) mediated
neurotoxicity was studied in the rat phaeochromocytoma cell line PC12. The present study was designed to test the
hypothesis that herbal medicine can protect cells from neurotoxiciy caused by MPP* and 6-OHDA. Exposure of PC12 cells
to 0.2 mM MPP* and 50 pM 6-0HDA for 24h resulted in a 50% cell: death with respect to the control cells. MPP* indiced
cell death was reduced by Yollyounggobondan (JE# #4< 1), Sagunjatang (J4 7 %), Palmihwan (FLBRIL), and
Palmultang (/\#135) (p<0.05). However, herbal medicines‘did not protect cells from degeneration caused by the 6-OHDA.
Yollyounggobondan, Yungmijihwangwon (78 1 #77.); Palmihwan, and Samultang (JU#5#5) were effective in protecting
against MPP*-induced ATP loss in PC12 cells (p<0.05). Yollyounggobondan and Palmultang were effect in neurite
protection against 6-OHDA treatment in differentiated PC12 cells with NGF.
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29 39l MAO-B (monoamine oxidase B)ZHe=
849 Z43YAQ deprenylolge okA|7E ol
MPTPS 5A4< Agditis AME0] deiAA H
ALY o] F deprenylo] HZIEWY AP ¢S F
Ag Rolges FHEC T4 HALn, A
A AFLES 3 vIE vy st ol o
Ao Ryt W APE YF =3 ATt UF
of ¢HAA H FHZE&HA Yo Bz
(protective therapy) 2= MZ 2 A71E vEEA =
9, NMDA receptor antagonist24] MPTPEA &
AA Y ¢#Z” MK-8012 1 FAo ZsiA
AAe] AHEE U, HIAFAN 'BFH} §
oy BIEQek™
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Al ey 2R A3t 823 AP
7. 9+Hl, meperineAl v}<] 4-propyloxy-4-phenyl-
N-methylpiperidine (PPMP)¢] A #AAA M7=
d1}el R AE S 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP)S C57BL/6 u}$-2d Al
Fod8 & =S5 A3 AZzA s Asis 2 oo
283 AF7t o] FAA L b AHFHRY whg
2EE 73 MPTP g 7244 48E 3t
A3e FERYS AR AFdA CBLAE
oh 27 7Y FAHLE BTl o] FolEE
ARE BAFo] 7P A A¥FEclz HER
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of +2 BI¥ 3+ monoamine oxidase BY &) 1-
methyl-4-phenyl pyridium ion (MPP") 2.2 35| o
E3T reuptaked A E B3 =T A E
A% mitochondria® olFHo] E& FLg &
AsA Fh® Mitochondriat o] 4 MPP*=
respiratory chain®] NADH CoQ: reductase(complex
DS skl ATP AAS AAFOEN AT
248 zY3ks A0 AZEd 1 A 48
NRE oF S8 wHAA wsht,

Table 1. Components of prescriptions.

MPP*¢} 6-OHY tigt stobgixle] RS &3 dp

B At Me B7)(HR), B8 Eim), XF(HR)
9 BE(R) Y T7HA SeFRAl ARl UE T,
M¥rg, +&2KES, AKRHEET, TEEAL, AR
H, AES o1&t Hw e fiEAR) in vitro
249 PCl2 M ¥l MPP'$ 6-OHDA (6-
hydroxydopamine) & Fo3lod N EEA AAMI
ATP §3W3, newited] ¥eld HFEC2 Hofg
Ao g B3ad AFstnat Yok

Prescriptions Component Weight(g) Source
Ginseng radix 468 A

Sagunjatang (SG) Hoelen 468 1A
WEFE Atractylodis Alba thizoma 468 ZZ
Glycymhizae radix 468 =3

Rehmanniae Preparata thizoma 468 -4

Samultang (SM) Paeoniae radix 468 oA
19 Cnidii thizoma 468 of of
Angelicae Gigantis radix 468 A5

Rehmanniae Preparata thizoma 30 4

Cormi fructus 15 |

Yungmijihwangwon Dioscorea tuber 15 S
(YD BRI T Alismatis thizoma 1125 &R
Paconiae cortex 1125 oA

Hoelen 11.25 o1 A

Rehmanniae Preparata thizoma 30 =4

Cormi fructus 15 T4

Dioscorea tuber 15 29

Palmihwan (PM) Alismatis thizoma 11.25 £A
JUBRL Paconiae cortex 1125 oA
Hoelen 1125 Q1A

Spissus Cinnamomi cortex 375 =

Aconiti fuber 375 ==

Ginseng radix 4.68 Ak

Hoelen 468 QA

Atractylodis Alba rhizoma 4.68 S

Palmultang (PL) Glycyrhizae radix 468 =z
N Rehmanniae Preparata thizoma 4.68 =9
Paeoniae radix 468 oA

Chnidii thizoma 468 ook

Angelicae Gigantis radix 468 AR
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Table 1. (Continued)

Prescriptions Component Weight(g) Source
Ginseng radix 375 24
Hoelen 375 1A
Atractylodis Alba thizoma 375 =
Glycymhizae radix 375 z3
Shipchondaebotang Rehmanniae rhizoma preparata 375 =4
(8D) +2AHH%E Paeoniae radix 375 o4
Chnidii thizoma 375 SFoF
Angelicae Gigantis radix , 375 AR
Astragali radix . 375 AR
Spissus Cinnamomi cortex 3.5 3
Cuscutae semen : 15 F3
Cistanchis herba 15 ==
Asparagi radix 75 z7
Liriopis tuber ' 15 T
Rehmanniae thizoma preparata 75 4
Dioscorea tuber - 15 2%
Achyranthis radix 15 =
Eucomumiae cortex 75 qdF
Morindae radix 75 =
Lycii fructus 75 Aok
Corni fructus 75 78
Yollyounggobondan Hoelen 75 QA
Y6 T E Schisandrae fructus 75 AA
Ginseng radix 75 2t
Saussureae radix 75 Z=
Thujae semen 75 =
Rubi fructus 75 Rl
Plantaginis semen 75 Z=
Radicis Lycii cortex 75 Ak
Acori Graminei thizoma 75 3
Zanthoxyli pericarpium 75 A
Polygalae radix 75 =
Glycyrrhizag radix 5 =
Alismatis thizoma 75 =4
I odLuby HE Boke PC12 A ¥ (rat pheochromocytoma
cell line, ATCC CRL-1721)& AR89, PCI12 cell
1 MER o] A ZHjoFel& RPMI-1640 (GibcoBRL)Ol 10%

fetal bovine serum (FBS, GibcoBRL), 02% sodium

H OAYel AleE ATRL 3 = og0
= AR ASd ARFE A7 AEF 2o bicarbonate (Sigma)$t 1ml B3 50pg®] gentamicin
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(GibcoBRL) & A7hate AHE-3}31 e

2. IO A|ZH=

Table 18] Z+ FAE ZAEA RN FYstd 4L
of RaAstA I, 4005 FAE FAF-T 3mje F

Fol 18AIZHES FAHE 5, ARk
1800T, Th-g-2¥Fg71, EH% 471*&%‘)°ﬂ*1 0E7 G4
% 93 o A 3
Mesh (#100, ¢150/xm)i @HL =7)
(R-124, Buchi)ol A 5%8 %, 3000xg§ LAY
gt} FTAE FARY o] 4ZNE fiter paper
(@90mm, Toyo, Japan)® ﬁltermg—} EBAZNA
TLJHRZ -20CoM BHF o] 289 24

ANE 98l ZF 222 PBS (phosphate buffered
saline, pH74)9 100mg/mle] FEZ £33l Al
i3

3. N

PC12 A X9 F242 eiMe 2Zugs Z82
A (25cd, Nunc)ol 02% sodium bicarbonate, 10%
fetal bovine serum} gentamicin (50g/ml)< #7}3t
RPMI-16402 ¥o] 37C, 5% CO, 327 (Fisher
scientific, US.A.)o1 X Al Z¢= (monolayer)o] € o)
742 W FEtat PC12 A EE Adiul<E 317 H8)
Me ZAMEE ZT23 (Ted, Nunc)oll i k3t
M ZZE phosphate buffered saline (PBS, pH74)0.2
MAE g 005% HA trypsin-EDTA (GibcoBRL)
= Yol AZE Eg92d ugoZRY EIAA
ZAM L EFF2T (TBad)ol] 1:3 08 BF|
10% RPMI-1640 WA & F7}ste 37°C, 5% CO, 3
2776l wj Fat A,

4, SRB M (Suylforhodamine B assay)

SBRA A} & §
sulforhodamine B & S
oBZH AEAES % %ﬁﬁh Jjoln}

i,

i
e
ox
% dlo

WEQ EHGY
g

MPP*% 6-OHO| & gebald Beas 9+

PC12 AEE 387 005% trypsin-EDTAE S A
Yol AEE Zgiad ugoZEE dod ¥
Hi 2] (RPMI 1640, 10% FBS)E 718} trypsinEA &
gl T Fle] MHEEYCE TdAE Fids
“3111} o] Hoead HIAAMY (hemocytometer) 2
2 AEEE ( ﬂE—’F/ml) th}

437l Az
4S9 4
AR 2097 MR G BARE B
ARpEe WA B9 F A4HE 5483
MPP* (1-methyl-4-phenyl pyridium ion, Research
6-OHDA (6-
hydroxydopamine, Research biochemicals internationt)
g Z7F 02mM, 50iM ol FoUoh TelX wjAT
AN)FE blanksH A FHA PBSTH YolFo] 100
% RET (FAUNRT)LZ AT ANEY MPP,
6-OHDA £oJ7} 4 plates 37C, 5% CO, 3lolA
397w g
197 Wk 3, EYIAAATN A (Axiovert 100,
Zeiss, Germany) 2.2 23] 7} welld| A 9] A 24
HE A3 oL, 5049 50% trichloroacetic acid
(Sigma) £48 7BIFIL 4CAA 142ES 4
NA AU TR0 B FolE FFEE 590
A ARSI A2,

AZ% plates] 01% SRB (sulforhodamine B,
Sigma) &9 1042 7He ¥ Ao 08 oy
Fol 2823 QA7 & 1% acetic acidZ 53] Al
Asle Fr)FA AxAAGY $4Ad AxE F
100 & 100mM unbuffered Tris (pH 105) £9&
7t well 7}8] SRB dyeE £8AI1Z] F precision
microplate reader (Emax, Molecular devices, US.A.)
2 3=

biochemicals international) &+

(test wavelength 564nm, reference
wavelength 690nm) & 233 oh

o] AgolX HEHOE YojAE ODw FH2 TCA
TAE 7} wello) dolgl= & vhilzlo) okg el
ok WA ole 1 welld]l Eolle AEMEES
o} Hjglgth, J8BE A|gZelX Hd ODs
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27 (100% "E%—v—f)«] % ODes

5 MZU ATP &3

PCI2MXE Holr PBSZ 28 A H3F3 1n ¢
Tris-Ac buffer (01 M Tris acetate buffer, 2mM
EDTA, pH7.75)dl R {HAZNF dE9A
ultrasonicater (sonoplus GM70, Bandelin) 2 1037+
sonication¥ 10%7F AX e WHoz £ 30%7
dgstel MEE glste] AXY ATPE bufferd]
8 AFT AZHH Y S 4CAA 10000xgel A 10
v 442 45 de dRE Bradfordd o2
@l AFsy UeA 10009 AEHe &3
cuvettedl ¥, Tris-Ac bufferE 800 2% &
luciferin®] Z¥¥ 2000 ¢) ATP monitoring reagent
(Bio-orbit, Finland)E dispensorE EsjA £l 37,
luminometer (1251, Bio-orbit, Finland)e|A 10%7+¢]
W3S T3 A4 (integration) §lth 182 ATPA
F standard ATPS] 59} wigsle] By c}se

luciferase

ATP+luciferin+0: — oxyluciferin+ AMP+PPi+CO,+light

6. Neurite Ei35}atzt

HikE PC12 Al Xo] w9 FBSY 28 1%2
W33, 50ng/ml®] NGF (nerve growth factor,
Sigma)E 3¢l FHHY wAE ZolFwHA 547
Ags FA AES AT UAT AY T4
Yo"

m z# =

1. PC12 M| MMMEME
oY AER§AL uixE 2008 348X SRB

T~
+ #H
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assayS AARTE 20 X 10" cells/wello] 8t9] A E4
9 ODg gk Abole] AaAF7E v)$ BA vehbA
SRB ZAAM O Z PCI2 ME9 AZEL 2R3 R
ARYc AZHZAES FAHAA 20 x 10
cells/wello) gl A& AddAT30l A7) HoAA,
AAH e A A ABAF R (P) 09) ¥
otx]7] W] SRB A= MESS ODgdk
Atol9] 96 plate welld 20 X 10' /1Y MEFE A
FHA AHL3712 A (Figure 1).

r? 0.991

Cell viability (%)

0+F—F . —
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Figure 1. The correlation between cell number and ODsx
using SRB assay.

2. MPP*0f) CHEH MESA Al3

MPP*E MPTP (1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine) 7} oA TA E2} AZEUA
N X F2 E¥E3+ monocamine oxidase B (MAO-

B)ol] 28] MPP* (1-methyl-4-phenyl pyridinium ion)
o3 HEFo YA 13 MPP'E AZY
mitochondria®] E-FAME S Fo] A FALE ¢
o7l AR geAM H2W e antagonist in
vitro 8+ in vivo Al de] ARSI glo], FHefA
A7t MPP*e] £Ado] thdt AAEH Y& HASe
7] 93t in vitro A B QA Fch
£ Agd 5071719 %A MPPol g PC12 Al
ERZAYE AANEY dgd AT 44 MPP!
FEE AASIA Aok AFHAA MPP FZvt



02mMo) gl A ooz (p € 001) MEFA Y
Bong B Ao 02mMolN AdL st
(Figure 2).
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Figure 2. Dose-response of the cytotoxicity of MPP*
on cultures of PC12 cells. PC12 cells were
incubated with varying concentrations of
MPP* for 48hrs prior to determination of
cell viability by SRB assay. ™ P{0.01 vs
control

3. 6-OHDAOY| CHEH M|EEA! AlE

o

MPTP¢} Hio] mziEwel FERDA Hol
20| 6-OHDAY A% nﬂf& NEeA 7%
< obA A3 U3l Aol fla ©Al 6-OHDA &

9] 3] mitochondria®l NADH
43 Yl

A FA
dehydrogenase$} cytochrome ¢ oxidaseE
o dERAS

Aol A 6-OHDAE T/} 50Mel gl A freld o
Z(p € 0001) MEEA Uepr] m&o 50aM9) 5
TolA & A2 AAsET (Figure 3).
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Figure 3. Dose-response of the cytotoxicity of 6-
OHDA on cultures of PC12 cells. PC12 cells
were incubated with varying concentrations
of 6-0OHDA for 24hrs prior to determination
of cell viability by SRB assay. *P{0.05, **
p{0.01 vs control

£0] 50% Ve AL AEAY, d%¥1Ed o
o7, AFEAE AelstA] R dRLET KT
a3 (POK)E Kol FFeAle AREAE, A%
o 2nd 2Ey, gadot AARs 9%
AETS 05~1mg/mle) FEAA FIFAANHE
AP dzFED Fo% & (P07 Ye
Bt ZEEI) Fudo) e 005me/milAM 23]

E37 Jehg . 005~1mg/ml) WS WM &
gH9 &3 (P ( 005)8 RALH, 53] 2w
M 05~1mg/miF AN NEAEE] 50%7F F
A (Figure 4).
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Figure 4. Protective effects of Korean traditional
prescriptions against MPP*-induced PC12
cell death. *Staticallly different from control
values (p{0.05) for SG, using Student's t
test. #Staticallly different from controls for
YG. +Staticallly different from controls for
PM. @ Staticallly different from controls for
PL.

6-OHDA® that AMEFA e s FFLAE
PCI2 Ao ¢ H3axE AFPsd, BE &
FANM AENES 50 % YA LYY 497
A7 FFHA Ut (Figure 5).
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Figure 5. Protective effects of Korean traditional

prescriptions against 6-OHDA-induced PC12
cell death.

5. ATP &X

AR Al AAA AXE vES BE A x4
A A 7159 FAE Y8 A 283 FAo|n)
RS 4o71E A AXY FPA guld)
A4 oA ALY A ATPZ2E 2 299
A dth® Mitochondriatl 2 Eo|7} MPP':=
respiratory chain®] NADH CoQ: reductase
(complex) & a3t ATP AAL JAToZH
Ao AAHE ZHste JoZ dEFHIY
AL A diAbe pAE GFE RAME)
Y MPP' W3 Bzaxs =937 939
PC12 A ¥ ATP %S ZAAth WA Figure 6
AN B F de RAF} 2o PC12 AIEY e ATP ¥
F2 YZFo] 550+15 nMH H]s] MPP* g
TAAE 233208 nME FAFoZ WA (p<001)

- 2AE Q0 6-OHDAAE 506412 nME =}o

7} §iA S3 =

2 dgdMe MPP Wigk ghefekAle] Al ey
ATP ¥&FAs JAEHE Hoke=t dAFgeg 7
N BABAZF 65N dA &I FREHYY, o
FoAAM dHIEDAN FFoz M Z dA &
FE (p € 001) BEY, YA AEE F0d &



A g RAME FoH AAERE BAT
(pX0.05). ©] A= MPP" AlZE5A gk A&
F2H B 4% 97, 08 FHoEE AL ouX
thAte] iadel oE ATP %ZﬂﬂiE 5 U
a2y SAWEEH HuEE ATP 3 AHAdE
s g A (Figure 7).
60,
—_
50 - =
X 4
2
= 380
©
Z 2
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© 10|
o 1 : : .
CON 6-OHDA MPP*

Figure 8. ATP concentration in PC12 cells. PC12 cells
were treated with 6-OHDA(50¢M) and
MPP* (0.2 mM) for 48h at 37°C. All
columns represent means+SEM (n = 3).
Statistical analysis was done by using
Student' s t-test. *p{0.01 vs control. CON;
negative control
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Figure 7. Effect of Korean traditional prescriptions on
ATP concentration in PC12 cells. PC12 cells
were treated with Korean traditional
prescriptions and MPP* (0.2 mM) for 48h
at 37°C. *p<0.05, **p<0.01 vs controf
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6. Neurited|| CHzt 1

PC12 M EE NGFA g do] 5go) 4 wjekald A3
AN M neurite7} Molx HAAN Eo| A networkE ©
Ae2 S4HA Ao 974 AAs4E Ad
A& 4o FH neunte7} 30113” q4e #F

AT} Newritew 73l u§- RIZEHA
3ty 2 °X1°EV‘1 ]° A Z 9} networkS
= NARNEY 9REOZ 6-OHDAE HjR) o)
817 neurite®] Wolol oha FeAsH HES
o}, Figure 8014 £3td PCl2 Al 2o 6-OHDA
;‘qa]s}jl 24}\]71}“5‘ I 71-_0. A—]]_“,AI_Q] 835}]5]—;(4 Hol
FAY =, B39 A neuriteEE WS- A
A €A4& 4dUY. 6-OHDAT AT AEXE=
neurite’} A9 AL AEAE A &4 9

BB AT EGE YT TN 7
B3 gyt #EHA (Figure 8),
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O H 24H O H 24H

Figure8. Effect of 6-OHDA treatment on morphology of differentiated PC12 cells with NGF. PC12 cells were
cultured on Primaria® coated 35 X 10 mm tissue cultue dish with regular culture medium in the
presence of NGF (50 ng/ml) for 5-7 days at 37°C. Then, cells were treated with Korean traditional
prescriptions and 6-OHDA. Original magnification was 400X% (Reproduced at 60%) A; SM, B; SG, C;
PL, D; PM, E; SD F; YJ, G; YG H; 6-OHDA.

HIEHE 433 dROZT AP TR UM VI § £ slosd G2 19 Feols 494
S99 ARl SYSZE 50 LAAL EF A BE BAF] A5 A TOIA o1 o
o 93¢ o FYES  dAdNe HIT A% 2L ARoAA B3 9

J°H7} L}E}Uruﬂ il 504 om m=e) EAZE oF 807 WY AL e A
o A 70%1] Alole] wolEoA Beo] WAETE I8 0 02 ZAEQY, o= HA A7 <k 04 %, 504
U ZEAE #d2 voldt A 4 glon, g2 oA A9 1 %, k9 A7 o 15 %ol A7
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Az Ao =ANEA I8 mitochondria®l A,
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ATPE A2hd 2dE o37)d] ofm | - 9
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o] A7 ROSE ¢ko] Z7}E o] mitochondria®
ROSE A 5¥s 4t Hol AAHE A &
ot IW ATPS A4to] EA4 H3 A9 HEZ
A A ", I8Y4 A2 7144
mitochondria®] cytochrome c7} M EAE WA HA
B4 3AIA apoptosisE & sHA A
A A7NM caspase 9 (Casp9) S EEAA7
“knockout” F & 0|43 AFME AFEE FEAT
T apoptosis 29 oA & Caspd?] Awto] A
WAL A7, HEF 59 kst #¥dE H,
Y AAASR & ANET F e MEE de) E

mitochondria &

caspase 9&

T &E AARL Qv o] A79A mitochondria
7t &49 A$ Cas 901 2859 apoptosis7h F
SR Caspdo] APE A TAME o &4
o] apoptosisE A7) \ ATy W32 Yok &
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q

MPP*9} 6-OHol| th &t drerebA| o] He gt A+

% Casp9®] At OE u]-a73 249 x7] A
S walEA %7] wEe] Casp9ol
apoptosis A 22 HHlElE A8 FIuEe Z4E A

ZA%G AAE dAGE AXEY ATE AdA
2 F 9& Aotk o714 MPP e Fo] AEFH
o 2% 248 ALHAA wiel met g7
zo] E#At &, MPP7F AgEddE I5AE
o 715 FAFE vIA ATPAMOl SAT HE
g SYAEE oML apoptosisE FEAIIIH ILF

TolM= ATPY ¥ ZZ necrogisd] o]2A Fo}?

SFOFEIA| & o] &3 MPP*9} 6-OHDAC teh B3§

23 AYoA o] &3 MPP'$} 6-OHDAE ASL
o A apoptosisE F¥TGIZT EHA YUt
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