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Protective Effects of Radix Polygalae on Dopamine-induced Cell Death
in Human SH-SY5Y Dopaminergic Neuroblastoma Cells

Ji Yong Lee, Jae Hyeon Park, Kyung Yeol Kim, Tae Heon Kim*, Hyung Won Kang, Young Su Lyu

Department of Neuropsychiatry, College of Oriental Medicine, Wonkwang University

In oriental medicine, Radix Polygalae(RP) has been to treat tremors et al. But the mechanism how to decrease
tremors was not known. The purpose of this study was to investigate the effect of RP on neurodegenerative disease.
We used AP to execute the study of this defense mechanism on dopamine-induced cell death in human SH-SY5Y
dopaminergic neuroblastoma cells. MTT assay was used to know the cytotoxicity of dopamine and the defense
mechanism. As a result of this experiment, dopamine had cytotoxicity in human SH-SY5Y cells, but when it treated
with RP, the cell survival rate increased. This suppressed the cell apoptosis, activation of caspase-3 protease,
production of ROS, and repair of membrane potential change. In conclusion, RP has the protective effect on
dopamine-induced cell death in human SH-SY5Y dopaminergic neuroblastoma cells, so this could be an effective
agent on the neurodegenerative disease like Parkinsonism.
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A 2 F 22 HEt 4 YO} olEl T7] BA 2 AFolrh
EHe BEERH(Polygalaceae)oll &3 HEA AR EEY
H}1& (Parkinson’s disease)o|@t FE BH, 259 mu WAE AXS ROFA], I TS LEOIL ke BHEE 5
IP0 B A0 “EAE #E) 59 2550 H7} B BA OF Bgro] Jom, FE LA, HREMREE Ao
oz, SMAZEE] XAkl dEAM BEEsks Fol Tﬁl I YoH. WEE 0]88 AFEE #o] mE SEN0] K
ABH ] HREQ] BFE $lche QS Fol2AY, Hoj EikfHEol Al TNF-a £ % TNF-a mRNAS] 2131 S Mt
4] T (Dopamine)o|Zhe AAHYER0] BESHA Hol 4 I B, NP2 & Saponind] FIRZES} dAEME]
71 v goIr}Y. R UTIL SH= § 2 REHOF ot uiRieyn &
sRIEH e BmEmalAY EETOIEE 4T SAFSH, K Y Pk d7= 88 4 Ach
&Y <Fm - BREEAHR>OIA “HEME SBERRY Wt & ololl MAHs SOl AFME 40T Q6 LaNIRY]
HE 7lEIE ACE BHY 4L AXE AZBIN L, Bkl AAAZ E3E SEE 4 Ae B4 HAEl aplayn
B “BEABAILRLA. .. FEHT BEASH S ol HAEE BHEsl, TS WM Al RO ES SH-SY5Y Alx
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St AFSEAlA] 75 g& T & ZAskd ofgrlol &
Ol £F42(200 co)E E A OF 3X7H 2ojA) ZAISIATE 2AITH
FEAL ATBIA(SF 10 g) YSHZET ThE 4 Toll Hasid
gl Hgre] &/l 346 g B¢ AE(autoclave 121
T, 15%)310] ARSI
2) Alek

Dopamine2 SigmaAkSt. Louis, MO, USA)olA] TFI5kH,
phosphate buffered saline(PBS, pH 74)2.F &3¢t &, 0.2 pm
filter(Millipore, Bedford, MA, USA)E 0] &35k ojagt &of A}
a1k MEridel AFESE A Zuee  FalconA}(Becton
Dickinson, San Jose, CA, USA)ZEHE] FUSI¥MI, poly
(ADP-ribose) polymerase(PARP), Caspase-3, Bak, Phospho-
H2AX 84l Santa CruzAl (Santa Cruz, CA, USA)ollA] I3}
@11, 3-(45-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), Hoechst 33258, Horseradish peroxidase(HRP), Dimethyl
sulfoxide(DMSO), JC-1, Rhodamine 123 5& SigmaAlol|A ¢
Bl ARSI 2n, M ZuRekl RPMYI, fetal bovine serum(FBS),
GHiA £2 GIBCO BRLAKGrand Island, NY, USA)ZEE T
ei5t ALESIRITH
2. g

1) A ZoHQF

A1t QoM ESE SH-SYSY AMZE 10 cm Al Euj ol
2asE 2,10 % PejorgdFo] EEE MEuigd RPMICE 5
% COy, 95 % th71E7] ¥ 37 T7F FAIE Al Zu 7oA wi et
BIACE 4417 A O Z Ath Wi FSIR O, Ml Zui S 1A
S & OrAE el Ue MEolA] dopamineo]] SJSF M ZAPE

o W OlE FEAT | SRS FEst ZAME S0 dEE

A} S SO EE SHSYSY MEE 24 well A|EdRQkr
ol 1x10° cells/ml# BF510] 244174 A ZufFTlof] BARR]7)
1L, Q¥E Sl M Zoll dopamineE UFAIZF Aglslo] MTT(0.5
mg/ml)e} 3A)17F HFSAIZTE ot e Mzl g MITZ
HE] 44% Held 284 formazane DMSOZE £35KA
540 nm #}Ato| A} ELISA reader(THERMO max, USA)E 2]
FELE EH5Kc 583! formazan 84 e FAE
A 7k HInskd WES(%)E EAISIATE
3) & dA(Hoechst staining)
HANEZEY AEZHY Az HeE

0

ol

Zeln| 3

g2 olg

BEBIGCE WA 4 % formaldehyde EXOF MEZE 1Y

7] ©}h2, PBSE 211 A& BIGTE o 48 dye@! Hoechst 33258
£ 10 pMZ 345l 1027 BA1SHL o)A PBSE MAH3t & &
4} B8} &iu) 4 (Nikon Eclipse TE 300, Japan)& o|&8lc] & &
ENE aEhHEA 10x109) HHER ARlE AAct
4) Caspase family cysteine protease 48T &5

FUMEZY ARG MELE 4 Tolla] 3087 M 1t
M1 % Triton X-100, 032 M sucrose, 5 mM ethylene
diamine tetraacetic acid(EDTA), 1 mM phenylmethylsulfonyl
fluoride(PMSF), 1 pg/ml aprotinin, 1 pg/ml leupeptin, 2 mM
dithiothreitol(DTT), 10 mM Tris/HCl, pH 8.0)2& uh5ix
14,000 rpmS.F 158 YXREIE 8l o] w Lol 4EAR
bicinchroninic acid(BCA) &0l 3027} Y+SA]HA ELISA reader
£ 0] 85} 540 nmol| A FRFSIATE F-FH Lo 100 ugl
N)iE IS caspase assay buffer(100 mM HEPES, 10 %
sucrose, 0.1 % chaps, 1 mM PMSF, 1 pg/ml aprotinin, 1 yg/ml
leupeptin, 2 mM DTT, pH 75)0 34zlo] HAEAE 718N
37 TollAl 3087} Hi2A]7] ¥ fluorometer= caspase activity
(caspase3: AMC-DEVD, caspase8: Z-IETD-AFC, caspase9: Ac-LEHD-
AFQ)E &H3I9C o] We] 3 excitation wavelength(380
nm)2} emission wavelength(460 nm)E ALZ3IKATH
5) Western blotting

HAAEZY AERNY NZE ZUs6IE X D EHCE
4 TolA] 34t &, BCAGHOZ o] HA FHsIuth F
HiO] sample buffer> mM EDTA, 4 % sodium dodesyl
sulfate(SDS), 20 % glycerol, 200 mM Tris, pH 6.8, 0.06 %
bromophenol blue)E £33 &, 100 CollA] 387 71gsld ©
A H{HE SESHL 10 % sodium dodesyl sulfate -
polyacrylamide gel electrophoresis(SDS-PAGE)E AT oIt
A7EES nlz geld] THEZS 08 mA/ ) HA71E ZojFo]
nitrocellulose membrane@ =2 0]EAl7] T, 5 % skim milkZE
1F=0]Z] blocking buffers 018310 204 1417 S0 8HS
Al HIE01HQl FANSE ARAIZTEL YAIZAE TBS-Tol
1:1,0000. 2 3FlA16kd nitrocellulose membraned}t AH2OIA] 24]
7 HIZAI7IA TBS-TE 1027 33 AHSH &, o]AtaAQl
anti-rabbit IgG conjugated HRP(TBS-TZ 1:3,0002% 3] A,
Amersham Co., England)@} nitrocellulose membrane& &30l
A 1A}7F BF=2A1# ECL kit(Amersham Co., England)& 0] &35}
o gEd =&:AlZC
6) ROS &3

HARNZEW AR AZY AEBHG 96 wells Al Zuf
QFmtoll Z¥zb 100 w¥ BF3FIL 02-04 uM HRPSL 12 uM
scopoleting 4204 108 2FSAIZCE A48 HO00 98] &
4%l scopoletin®] HEE WARTH Bludle  fluorometer
(Molecular Devices Co., Sunnyvale, CA)Z 450 nm&] ThAof| A1
58k hZoll 98 a3 Bl sl BRE(%)E FAISIHT
7) Flow cytometry 243
AL AEERAY HAEZE Zok SdEdE o o
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&, DCF dyeE 0123} Flow cytometry 24 AlgsIyct &
HAATE BolHog sl Uehd ZeiZE HAM ZF
HlI5lo] o E(shiftyel THE LIERARICE
8) PIZEEE]oF GA(JC-1, Rhodamin 123 staining)
UM ETH XA MEd nlEEER(oIg EolF
o Z HUFh= dye@l JC-1, Rhodamine 1230] M A EufQk
HOZ WAG & s AZMYTIoA 3057 Br2A)7) o)
HIEHHMO“—C—’ Zﬂﬂam AZEHE PBSE 3 AMASICE PBS
R3] AT H, dolle NZUNE A3 sl &
E}OIE SHAE HEZRWEE ZHAEA 22 18 ¢y B
$u]Z(Nikon Eclipse TE 300, Japan)S 0] 28141 10x109] vHE
EARE "Hrk
9 &3 4F
FAIE 2k 33 o]y EYEQ Ao, o]E9
Bt (mean) it FFEHANstandard deviation, 5.D.)8 4}EFlH 1

2YE standard ttestE 08310 EAR R4S BEsIGC

2

1. Dopamine®} E7%7} A ZEM0o) D)X= Oﬂ?}
Dopamine®] M EZEHE Lol UX}F Apg
SH-SY5Y M| ZEo dopamineS T, IZ}E Aglsti
MTIT assay& ©}80lo} MEYESS EHGIYT) SH-SYSY
M 3ol dopamine& 50, 100, 200, 400 UM A ZEHZ 124]
s iifi@ F, AZYES0] 5E QEHNOE Z4HL AL
2015l rHFig. 1A). Dopamined) 98t MITEH9 A7}
EXQ] MglE LolR 1A} SH-SYSY Ao dopamine 200
IME AEIBHIL AIZHE ztololl 98 HEEH S BESIQC)
SH-SY5Y Al ¢] 200 uMQ) dopamineS F )81 34]7}0) R
VAMEE AZY Edo) vehtr) XAk e, 64]1710]
EHSHAL G Zol vlsl AZRES0] 20 % ZABIET 12
A1Zko) HAAskAL MY Eg0o] kA Zol vlal 50 %7 2

FOMIEE

lQﬂJl
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Fig. 1. Dopamine decreased the viability of dopaminergic

neuroblastoma SH-SY5Y cells in a dose and time-dependent
manner. (A) Cells were treated with vanous concentrations of dopamine for 12
hr. (B) Cels were freated with 200 uM dopamine for the indicated periods. Cell
vigbility was measured by MTT assay. Results represent as the mean=S.D. of three
independent experiments. *, P(O.01, **, PLO.001.

deig - 4

i

- Bgs

Dopamineo]] 23+ SH-SYSY MEZHo] Rlol4] &EE)
LA G NS EIGHLAL, SH-SY5Y A Zo] dopamine 200 uM
J% FEE 50, 100, 200 pg/mIFH STHEE 12413} Ae)st
5, MIT assay & ©| &0l MEZYEEE SHFINCE HEE=
dopamineof] 2|8} SH-SY5Y MZEXNE 5T QEIOF vy
olgl 2, E& 200 pg/mlg X159 S W= dopamineS
SE0R Nelet MEFT Hlusled AZBES0] 30 %BE
S7HE ZRIg & JARCHKFig. 2A). E3 CIsH RIS
=X dopamineg THEOZ A2Ig MZZ vlaskd Mx
YESO0] BUFE o) JEEE E 5= AACKFig.
2B). Fig. 2Boll uER4t ZAiold Cist gIgAQ)
dopamine 54 AMGHE HO} dopamine E4Jo)] LFaEMA
E40] BABKL UG £E58I) .
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Fig. 2. RP and antioxidants protected dopaminergic neuroblastoma
SH-SY5Y cells from dopamine. A Cells were treated with various
concentration of RP and followed by the addition of 200 u\ dopamine for 12 fr.
B. Cells were treated with antioxidants(GSH 10mM, NAC 10mM. PDTC 50 nM,
catalase 100 U/mi) and foliowed by the addition of 100 uM dopamine for 12 hr.
The viabllity was measured by MTT assay. Results represent as the mean+SD. of
three experiments. =, P{0.0Y, *, P(D.001.

2. Dopamined} &7} M E TN D)X= G&k

Dopamined] 9jgh Al 70t EE SH-SYSY A9 SENSH
ol H3lg UolE TA SH-SY5YO] dopamine 200 pME X7
5HL 124)7)0) B0t & 4 % paraformaldehydeZ M ZE 1H
B}l 3 F4Y dyeQ! Hoechst 33258 3 402 AJdialict &
A EZAAME B0l S22 HeRe o] BEHQOLYE, 200 1
M$} dopamineg H2)S A FoIME MEIA) Heies =
A & chiel PR} S&(chromatin condensation)&4}7} & &
H(nuclear fragmentation)&4}o] BaE|Q) Om, dopamined} &
7 200 pg/mi} FEE 12417 MElgh LB FojAE AP og
B SEHGT ) BEY0] Wol AR HYMZo
Hiss¢t £ 2 AR QCHFg. 3).

3. Dopamine3} RE7E7} caspase protease E4jofl mjx]& %‘“?;F
Dopamineof] 2|}t Al 4430 | ZEE SH-SYSY A ZE0] A3

A} 3ol caspase protease familyS9] o] TAFH=XE i ]

GIILAL caspased| cysteine proteases Zol|A] caspase -2, -3, 8 L 9

cysteine proteases?] EHEHGE AT E ZTASIQICE SH-SYSY Az
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Tl SE4 SH-SYSY MEE4

off 200uM2] dopamine® ATIT &, 3A17F FEHE] caspased
=]

protease} E8%]7] AIZG1 641710]] Y] &g B2H, 12
AjZiol 71Ar IR (GUNE LIERNICHFig. 4B). ESE caspase9
protease®] &4 4] dopamine ] F A1A15] EHE7) A1ZkS}

o 12A]7%oll 2607HK] EE=IRCHFig. 5B). IEiLt caspase-29}

caspase-8 protease®] &4 Wsle BATEIA] UQITHFig. 4A, 5A).

Fig. 3. Dopamine induced the apoptotic changes of dopaminergic
neuroblastoma SH-SY5Y cells. Nuclear fragmentation shown in dopaminergic
neuroblastoma SH-SY5Y cells treated with dopamine revealed by Hoechst 33258
staining. (A) Control celis. (B) Cells treated with 200 uM dopamine for 12 hr. (C)
Cells treated with RP (200 wg/mi) and followed by the addition of 200 BM dopamire.
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Fig. 4. Activation of caspase-2 and caspase-3 proteases in
dopamine-treated dopaminergic neuroblastoma SH-SY5Y cells. Cells
were seeded for 12 hr and followed by the addition of 200 mM dopamine for
various penods. Lysate from cells was used {0 measure actvity of caspase-2
protease using fluorogenic peptides Z-VOVAD-AFC(50 uM) as a substrate. Lysate
from celis was used 10 measure activity of caspase-3 protease using fluorogenic
pept:des Ac-DEVD-AMC(50 uM) as a substrate, Data were represented as a relative
flucrescence compared with the coniro! values. Results represent as the mean+S.D.
of three expeniments. * P<0.01, * P<0.001.
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Fig. 5. Activation of caspase-8 and caspase-9 proteases in
dopamine-treated dopaminergic neuroblastoma SH-SY5Y cells. Cells
were seeded for 12 hr and folowed by the addition of 200 uM dopamine for
varous periods. Lysate from cells was used to measure activity of caspase family
protease using fluorogenic peptides Z-ETD-AFC as a substrate. Lysate from cells
was used to measure activity of caspase-9 protease using flucrogenic peptides
Ac-LEHD-AFC as a substrate. Data were represented as a relative fluorescence
compared with the control values. Results represent as the mean+SD. of three
experiments. *, P(O.01, = PCCC1.

ol thidh FEES gol71g o7

01243} dopamineol] 25t caspase proteasesQ] A4S ERE
7t ARIGHEAE Qokmyl Ya SHSYSY AMlZol 200uM
dopamined} FEE = EH (50, 100, 2004g/ml)Z 124]7F HTIeH
%, caspase proteases(caspase -3, -9)9] E4 g 53519t 1 2
T} 2000M 2] dopamined} 200ug/mle] FEES 124]7 ATIGIHE
i, caspase-33} caspase-99] E40] HAME T 7o) 3E
HeE Ag F01E 4= UUTHFig. 6).

P =caspase-3
z}g 5 caspase-9
= =
£z
25 3
2 3
2 o 2
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1
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Dose (ug/ml)

Fig. 6. Protective effects of RP on the dopamine-induced caspase
activation in dopaminergic neuroblastoma SH-SY5Y cells. Celis were
treated with various concentrations of RP and followed by the addition of 200 1M
dopamine for 12 hr. Lysate from cells was used to measure activity of caspase
family protease using fluorogenic peptides Ac-DEVD-AMC (50 uM) for caspase-3
protease, and Ac-LEHD-AFC for caspse- protease as substrates. Data were
represented as a relative fluorescence compared with the control values. Results
represent as the mean#S.D. of three experiments. *, P<0.01, ™ P<0.001.

4. DopamineX} E7&7} PARP Zio] n|z]E= HEk
A)EILALS] th7RA Q] caspase-3 protease®] EA 2 DNA 7
M9 & FA0 116 kDa®l  PARP[poly(ADP-ribose)
polymerase] THiZIE Ftidle] o] EAE SE4EK]FIH, 0]
£ DNAY &£4g 3o ol ® So2H AZIAE &
AATE 7158 ™™, Al 4RO ES SHSYSY Ao
200uM9] dopamineS AHzl8kH caspase-3 protease®] B4 g &
QIBIF OLE, 0]} caspase-3 pro-form®] 7}A9} PARPY Ztt
2 YO ILA}F 200uMe] dopamineg AMEidt MEZE LB
MZ TRIUE HIL M71E ST F, caspase-3 H PARPY thh
BIAHE AMESI] Western blottingS  AJYBIRCE.  Western
blotting2t0| A1 . caspase-3 pro-form0] AMA3] ZA4dh=e A8 &
¢1g £ ARCW, I AW PARPY pro-formo] dopamineS A
218t A} 641710} AR duEs HESITFg. 7).
Dopamineol] 9]$} caspase-32} PARPY Frdol]l #EEV} nlil=
Heke etole T AL SH-SYSY A Eoll 200uMe] dopamined} i
€ 50, 100, 200 pg/misA sTEE 12417 Helsi] =Y
T caspase-32} PARPY] FEA g #asisich 1 23} 200 uM
o] dopamineT} 200 ug/mlo] EEES 12417} HEIeH AlE Tl
caspase-32} PARPY] pro-formo] A& 7o) S EEHE &
28 4= AACHFig. 8).
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caspase-3 blot
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Fig. 7. Cleavage of caspase-3 and poly(ADP-ribose) polymerase
(PARP) in dopamine-treated dopaminergic neuroblastoma SH-SY5Y
cells. Cells were treated with 200 pM dopamine for various periods. Lysate from
cells was separated on 125% SDS-PAGE. Caspase-3 on the nitroceliulose
membrane was proved by anti-caspase-3 antibedy and the immunoreactive band
was visualized by ECL kit. PARP on the nitroceliulose membrane was proved by
anti-PARP antibody and the immunoreactive band was visualized by ECL kit.

caspase-3 blot

- -
PARP blot

+— 34 kDa

&  116xpa

— +— 85kDa
DA + + + 4+
RP 50 100 200 Dose (jg/ml)

Fig. 8. Protective effects of RP on the dopamine-induced caspase-3
and poly(ADP-ribose) polymerase(PARP) cleavage of dopaminergic
neuroblastoma SH-SY5Y cells. Cells were treated with various
concentrations of RP and followed by the addition of 200 uM dopamine for 12 hr,
Lysate from cells was separated on 125% SDS-PAGE. Caspase-3 on the
nitrocellulose  membrane was proved by anti-caspase-3 antibody and the
immunoreactive band was visualized by ECL kit PARP on the nitrocellulose
membrane was proved by anti-PARP antibody and the immunoreactive band was

visualized by ECL Kit.

5. Dopamine®} EE7} M EAFE £Z T Bakoll v]A]E 5k
AZ 1A A5He g BFshs B2 7152 7|sH
HojA} A MzZANE A7 TS5 MEAME FRV|S2E thd
Erk Bel2, Bfl-1, BAGL, Al X M1 AZAIEE AHigh=
7l € Oht, BaxE HIEOM Bad, Bak, Bid, Bim £2 Al ZAlg
715€ olo] MEARE A childy) 11 dd 9]
Q1 2k ol 9Jal Bel2 7}—‘“ TEAG Zge R8sk
HMGAT HEI AFolL} MEo) RFAQ
BHiL Q™. 728 dopamined] S8 Algr Ao
SH-SYSY M ZAIZo| £X17158 Sk Baky] 2o ko] BigtE
TESIGTE A A Eoll 200 MY dopamineS X Z|5H0] Bak<
AIRE Q&1 Wi k9] HslE BESIAT: F4A ol 200 uM
9] dopamineg AZ|SIIL Al7tol A Mgtoll M} Bake] wkd F
o] AAg] 76kl Ase e 4= AM2H (Fig. 9), 200 uM
9] dopamine} EEE 50, 100, 200 pg/mlE)A STHE Held
A F A Z718) BakQ] 2FS QFo] HAME 45 71710] &
BEE AE BEE = AACHFg. 10). £ M Z DAL Z716A)

[ I
}01' 2o O\r
m

O

o] 01&71Er DNAVE €45 1 £45 DNAo] 95k histone
] olks REErie W BIEo] rh IHERE
dopamined] 9]} A12H 4 FOIES SH-SYSY M Z A} &7tk
Aol Q1A DNA 4410l 98} histone THBZA Q14H310} IS
FEGIYEE 1 23 dopamineo] SH-SYSY Aﬂioﬂ/\-] histone %+
M H2AXY QXISIE SESIL YSS SIsIFTi??.

Bak blot

- - 21 kDa
Phospho-H2AX blot
- +«— 14kDa

0 3 6 9 12 (hr)

Fig. 9. Increasement of Bak and phospho-H2AX in dopamine-
treated dopaminergic neuroblastoma SH-SY5Y cells. Cells were treated
with 200 uM dopamine for various periods. Lysate from cells was separated on
15% SDS-PAGE. Bak on the nitrocellulose membrane was proved by anti-Bak
antibody and the immunoreactive band was visualized by ECL kit. Phospho-H2AX
on the nitrocellulose membrane was proved by anti-phospho-H2AX antibody and
the immunoreactive band was visualized by ECL Kkit.

Bak blot

- wpew ™ " <« 21kDa

Phospho-H2AX blot
ol <“— 14 kDa
DA + + + +
RP 50 100 200 Dose (ug/ml)

Fig. 10. Protective effects of RP on the dopamine-induced Bak and
phospho-H2AX increasement of dopaminergic neuroblastoma
SH-SY5Y cells. Cells were treated with various concentrations of RP and
followed by the addition of 200 uM dopamine for 12 hr. Lysate from cells was
separated on 15% SDS-PAGE. Bak proved by anti-Bak antibody and the
immunoreactive band was visualized by ECL kit. Phospho-H2AX proved by
anti-phospho-H2AX antibody and the immunoreactive band was visualized by ECL kit.

6. Dopamined} iE77} ROS 4ol v|x]= ek

Dopamineol| 9|3+ A2} 4 R0LH ZE SH-SYSY HZO] A Z
TAF HEoll EdiAEo] BOSHEAE YotEALA Tidst g
ArglA| e Zo] dopamineE AEldt ¥ MEZYEESE HETIA
t}. 2 27} Fig. 2BollA] EH151A GSHS} NACE dopamine &
= AelA] Aot AZYESS BN ES SYt £E2F 3
=131, PDTCY} catalase’s #EE7} 8184171 MZYEED
Hls¢t Z3E HACE 0l dopamineo]] 98 SH-SY5Y A9

MEZIAL Eol Eedtado] BAsIHElehs £58 oA
SIELZ, dopamine Hzloll S8 AEAQl ROS 4E g FHEIN

C} SH-SYSY Al2of] 200 pM9] dopamineg A|7MEE AElsl

- 548 -



4 SH-SYSY AL

scopoletin assayE O]&35l0] ROS MAHHEE HESINTE 4
A Z2} 11161 dopamine THE AEIA] H2029] A& ZHo] A| 7}
QEMOE Zk5l 6A]71oll= 1580, 124170 = 2,500 718 &
7Vere BESICHFig. 11A). 200 pM9) dopamined} EEE 50,
100, 200 pg/miEA sTHEZ A A ZAA = £718F HO
o Myl BYME £F 7ol H=EE A BRY 4 I
gir/}(mg 11B). tE8F ROSojT} Eo|H O & v}
AMESKH Flow cytometry 24& AJ@EH
l Hlol dopamineg ©h= Aeleh AP T(B)o] &2 E HXF]
O|E8t RS BEBIYTE 200 pMQ] dopamine} 200 ug/mlY) i
HE 2ol Al A8 (OolMes BUHZE & 7] 385
g BEE = URATHFig. 12).
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Fig. 11. Protective effects of RP on the dopamine-treated ROS
induction of dopaminergic neuroblastoma SH-SY5Y cells. Celis were
treated with 200 puM dopamine for varnous periods (A). Cells were treated with
various concentrations of RP and followed by the addition of 200 nM dopamine
for 12 hr (B). Cells were analyzed their ROS induction by scopoletin assay.
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Fig. 12. Protective effects of RP on the dopamine-treated ROS
induction of dopaminergic neuroblastoma SH-SY5Y cells. Cells were
treated with 200 uM dopamine for 12 hr (B). Cells were treated with RP(200 wg/ml)
and followed by the addition of 200 uM dopamine for 12 hr (C). Cells were
analyzed their ROS induction by Flow cytometry, (A) Control celis.
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7. Dopamined} &EE7} nlEFZ =] ol

A ZAPE A eHgBEo] ojs n|EEEE|ok= 418 &4
2 Yerh Az} Yolukes HEoMe nEZER|olER
Ef cytochrome c¢7} MZAZ WEF L, YWEFE cytochrome c&}
Apaf-10] caspase-9 proteaseZ EM3IA|7IC)E nEZ=E|olE
Eo|Hog gAGHE dyeQ! Rhodamine 1238 0|23k A4
EQ} Algl Y RO ES SH-SYSY AlEofl 200 pM9] dopamine

ol ot =il doi71d dF

2 12417 A2 AETo) @45l njEZER|ote] Hr ol
ol M3t JA=XNE JESISTE Rhodamine 12388 gAISH
AR UM ZE nEEERop) M ZE U 8 A o)
ToJR Om (punctuated form), dopamine THE AZ]Aloll= AlE
Z "AAl HA U S(diffused form)S BEE 5 UAUTHFig.
13B). o] A= dopamine HZ]o] 9¢t FAAHIEZ WEZEZE]0}
9] vk Qlo]l Mgt USE 9ulghtt. L2 S E SH-SYSY Mol
10 pg/miQ] 200 pMS] dopamined} F% 200 pg/mlS 12817 A

Zl6kd n|ERTalolo] TR Y] HalE Baksl AT BASE 7}

7o) BEHNUSS BOIF 4 AUKUCHFig. 130).

Fig. 13. Protective effects of RP on change of mitochondrial
permeability transition in dopaminergic neuroblastoma SH-SY5Y
cells by dopamine. Cells were treated with 100 uM dopamine for 12 hr. Others
were treated with RP(200 we/ml) and foliowed by the addition of 100 uM dopamine
for 12 hr. Mitochondria of cells were stained with Rhodamine 123. (A) Control cells.
(B) Cells treated with 100 uM dopamine for 12 hr. (C) Cells treated with RP(200
we/ml} and followed by the addition of 100 pM dopamine.
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FrERE, BEAH, FEEE RIIER ROEEGCE B
A 2ol BED SARF SHOEE &, B, ol
ol 4 Yl &Kol iy dEEw, FYe “ArEeHk
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Slsjo] wekslEA] 1710 HE4Eo] SolLIA koIl Fr}
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E7} ZA0l Jom, ol Al Ml 2aE $dE T Uk S/
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H]iﬂ/\}(apoptoms)ﬁ LK O JRAYA] BAn)=
Zlatd, BEjEhE YO E AAAAME wyslH, £35] sl
W (Parkinson’s disease) 2 &Z2510[HHE (Alzheimer's disease)
EEISH B2 AAREAY HEAZA e MEZANEA, 2
TFoXE DIEHA Q8 AEE e il &
SH-SYSY MZApd g3} EEY AZANE dol7jdeg 4
OS2 7H5l] {5kd dopamined] 218 MEZZH0] M E LA}
saele &elslal, #EES dopamine ME=Ho] g dold
TE BEBIATE el MZEAME 7119 HEE 7Es] Y6
o] dopamine@F XZ|St M|ES] caspase proteases®| 4,
PARPY] &tt, Bak 2k 9] H3}, m|EEEL|olY] Q] HIE
ADE/UOH, olF EFEY MEIAL HAGHE HEBINCT

MA] dopamine®] ME:ZM3} FEHS dopamine X ZSH
Bl gE A Y TAF MTT assayE 0]85KH dopamine2 X

2]g SH-SYSY MZ9 AENEEE SFeidch 1 23 55,
Al JEHOF N ENEGO] U4l On(Fig. 1), SH-SY5Y
M| 3ol 200 pMQ] dopamined} 200 ug/mlQ] EEE 124]7F AT
3l NEMEEE 29519 E W 200 uM9] dopamineE =
Azlgt Aol vla] MEMEES0] 30 % L &g &
Eg 4= QUACHFig. 2A). B8 dopamineol] 3} Al EAPE A 0]
TS AsdEr7ide &0l /‘ﬂ:TiﬂA}a ST YeA
Uct 22 MZIANE Frole AISHE7IFACE E340] A
7Y=L QU caspase protease family= GFSHIS 9 M E AL &
Lol $AF AEE Uil EAREA A 4EFI YA
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x5k AT A0) YR]G} caspase-81} caspase-99] RIS
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PARPE ETI5I MZITAE |SEH ™, E£8} cytochrome ¢
T ZHHCEE n|EZTE0KY W 9t Alojol] Exsle] HA}
Al Qa2 #0, AZIA gr] AZAZ 9EE o]
Apaf-1, procaspase-93} ZESI0] caspase-9 proteaseE & 3IA]
7)1 GAHOE caspase ARES BHBAIUCF
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EoHl FTd SH-SYSY AMEE

-\4 A Z AR HEshE Ex0] @l S5 gl
S| 101513 (Fig. 3B). 0]% 200 uM2] dopamined}
7 200 /zg/mlgl EEE AMoich 29 3 F4s AlYs 20 3
AL 25 9 3 20l HY HEFA LUTHFig. 30).
0] A3}Z dopamineoy 9J$F SH-SY5Y AMEQ] APEIHoO] Al
EIANE I7HE o] FoXH, iEE7} dopamined] 2] SH-SYSY
HZAMEE o= BT Yoldll USs HERTE £33 ME AL
9} THAR caspase protease familyE9] 41} PARPS] Hrt o
BE 3R, 0]% EES] dopamine HZEY Boigns &
35199t} Dopamine ThE A2]8F SH-SYSY A 3EolA] caspase-3
3} caspase-90] 84S HOn, EF] caspase-3 protease= 1L
5009 2dS EICh(Fig. 4, 5). TG caspase-3 protease EHdol
U}E PARP HTHS Blolst 4 UQICKFig. 7). 1213 SHSY5Y A
Zol dopamined} EEE Azl caspase—SIL} caspase-9
protease®] &, PARPS] Htio] BaE 7o) 3E5E AS
HEe 4= QUACHFig. 6, 8). AZILA} dFFoA H[EEEglok=
o) HEE JOH RHEQ £ Wt Dopamined] 9
gt nEE=riole] wES HSE  YolHIAL  200uMe)
dopamineZ 124]7} HZIGEL Rhodamine 12322 B EFE=F]0}
g gHsle] 2 23, nIEEEg|ofe B o] HILE BEE ¢
AANLH, dopamined} EEE Zol ATIsIE We nIESEL]
oF IFHRl9] Halrt A9 gleg E0lg %%H(Fig- 13).
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caspase-32} gysrzien, Edl
caspase-3 protease®] 22 H1i 59 =2 4g BYCh
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