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Study of Apoptotic Effect on Hydrogen Peroxide-induced Rat PC-12
Cells by Aster tataricus Water Extract

Oh-chul Shin', Yoo-jung Shin', Seung-mo Kim’, Chi-sang Park'
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2College of Oriental Medicine, Daegu Haany University

Objective : Alzheimer's disease (AD) is a geriatric dementia that is widespread in old age. With an aging populace,
AD is a looming problem in public health service. Alzheimer's disease is characterized by specific neuronal
degeneration in certain areas of the brain. Mutations and abnormal expression of several genes are associated with
B-amyloid deposits and Alzheimer's disease; among them APP, PS1, and PS2, SOD, free radical, ROS.

Methods:We studied herbal medicines that have a relationship to brain degeneration. From pre-modem times,
although a variety of oriental prescriptions of Aster fataricus have been traditionally utilized for the treatment of AD,
their pharmacological effects and action mechanisms have not yet been fully elucidated.

Result : Based on morphological observations by phase-contrast microscope, TUNEL assay and MTT in the culture
media, HyOz-induced cell death was significantly inhibited by Aticus. We examined by ROS formation, catalase
activity and GSH activity. We studied the protective effect and inhibitory effects of neurotoxicity in HO,-induced
PC-12 cells by Aticus. Findings from our experiments show that Aticus inhibits apoptosis, which has neurotoxicities
and cell damage in PC-12 cells. In addition, treatment with Aticus (>25¢g/mé for 6hrs) partially prevented
H,0s-induced cytotoxicity in PC-12 cells, and induced a protective effect.

Conclusion : As the result of this study, in the Aticus group, the apoptosis in the nervous system was inhibited,
protected against the degeneration of PC-12 cells by H,0,. Taken together, Aticus exhibited inhibition of
H,0;-induced apoptotic cell death. Aticus was found to induce protective effect on GSH and catalase in PC-12 cells.
Based on these findings, Aticus may be beneficial for the treatment of AD.

Key Words : Alzheimer's disease (AD), Aster tataricus, brain degeneration
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1. M8t

1) A% 2 g

A& Al&E Al2FS RPMI HJA], fetal bovian
serum(FBS), trypsin,
lipofectin(Gibco BRL), EtOH(Merck, Germany),
dimethyl formamide, sodium dodecyl sulfate(SDS),

penicillin, streptomycin,

catalase, succinate dehydrogenase, formazan, NaCl,
H,O,, trypan blue, formaldehyde, MTT (3-[4,5-
dimethiozol-2y-]2,5-diphenytetrazolium  bromide),
phosphate-buffered  saline(PBS),
2-vinylpyridine, 5'-5' dithio-bis-(2-nitrobenzoic acid),
NaH2PO4, EDTA, digitonin, sodium phosphate, 3
carboxy-4 nitrophenyl disulfide(DTNB)+= Sigma
Q0.9 79815331, D2DCFDA(2'-7-dichlorofluorescin
diacetate)= Molecular Probes(USA)®llA], Fluorescan
Ascent FLE Thermo Labsystem (Finland)ol| A =
Az, 1 9 Ak BF 55 2 4GS
AH&-3IA

Aol A" 7]7]E CO2 incubator(VS-9108
MS, vision scientific Co.), phase-constrast microscope
(Otympus), ELISA reader(enzyme-linked immumosorbent
assay, Bio-Red, USA), U.V.
(Pharmcia, USA), Tumer fluorometer(Turner design
Co. Canada) 5= AR&-3lSith

peroxides,

spertrophotometer

2) Axte] s
AR AlE-3F 4EFE(Aster tataricus L) -
ol i Aol ke A

ko A BJH?'SJ ¥, 34 SHRF SLE KL 8
oz} A
=

33t #5 AKiliE 4T Easigia,
A}g-AlelE mlE] 1,000mgmd EEE Aok
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2. ik

1) PC-12 M X 39| uijF

Ao AHEE TR/FE AMEFQ PC-12 cell
Agdigta gdTFL e AEF2YPoFHH
TF ot AUEIAIA 5% FBS7F A&
RPMIH| Al penicillin/streptomycins 3 7}
flask W] cell culture-g dishel] sllekslHA] 1x103
HNESFZ 6-well plateo] FF3l2 37T, 5% CO2
incubatorel] 4] 3F4HF w3l ohg 80%F & FE
A Wl Fsted M2 6-well plateo] ThA] Althuj
oFetaA Ao AM&sI Tt

2) Al Fees a

AZARE fr=shr] f8 2000M H0,2 A
3t PC-12 A EFE 1x103M EFE 6-wello] 5
ShaL oW Wi U S5 KIS 25y
nWEEZ Aot 6A17HE udsle] Al EAle]
AAFF5 BE3IA}. Al EAE phase-constrast
microscoped] 2008 &A A ZAE F2H 200
NB= NEFE st FASHT

3) Tryphan blue exclusion®]] 2J3t HEE =%

2000M H,0,2 Agsted AMEANE FE§
PC-12 NIXFE 5, 10, 25 2 50pg/ml 2655 K4
Hs At 6A1 B vl &, 0.2%
trypan blues PBSel| 583+ 715} phase-contrast
microscopy = HESIA T M EALS FEI AE
© Ao s #EH R, YEANEEL ZHo
HEEY, YZAEFE AA AEF 20070004
AESE S

4) MTT assay &%

AMZAEEE 337 Y3l A Denizote] W
265 ©|83ldH 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide(MTT)7} A4 &A%
79| Hlgo] o8] mlEZE=gole] succinate
dehydrogenase7} 2H-8-5lo] F-Aofl A formazan®]

A W g ST PC-I2AH 275
96-well platesol]l 3x103cells/wellE 33 T},
AEZAE F237] Y3l 2000M H0,2 #2315
ok 247} 5, 10, 25 2 Sopg/ml %5 Kb
A o 6AtES BiYstE phosphate-
buffered saline®} 0.5mg/mL MTTE 37}stx
37°C A 3AIZESE vieFsta, W& BR8]
A} 50% dimethylformamide, 20% sodium
dodecyl sulfate(SDS)100uLE #H7}8l  570nm/
630nme] &F oA ELISA reader® 4332
0, catalase &4 BAEE 23L& Aebi W27

9 33asck

5) DCF fluorescent assay =7

Al 2'-7-dichlorofluorescin diacetate(DCFDA;
Molecular Probes, USA)Z &<91&}3ith PC-12 Al
EFE 6-well platesol] 1x104cells/wellS 33
O AZAE FE37] Y 2000M H0,2 A
g5kt 5, 10, 25 2 S0pg/mé %5 Kb
A oy 6AIZFERt  wlksidTh  10uM
DCFDAE 30823t 37°ColA] ¥kg-A171 thg PBS
2 28] A3 sta 50uM digitoning H 783 A E
W ¥FEFQ fluorescence™ B 3 Tumer

fluorometer(488nm/525nm) & =7 3t}

6) Glutathione assay 7%

Ix104cells/well & £53 th AlEFAMS frEdt
7] $13 200uM H,0,2 A&]edeh 5, 10, 25 2
50ug/mé 5 Ak AT o 6A17FESt
sttt #4493 Hx=E Y HHo=
Griffith ¥H228 AME3slch. AZE PBSE 29
A& e T, 3% perchloric acidE A&lslz 15%
b o4ecolM ARSIt A5dd 0.1mM
NaH2P04¢} SmM EDTAE *7}8li glutathione
(GSH+GSSG) S 92 ths, 4120m3- 2504 U.V.
spertrophotometer© 2 73313t} GSSGE GSH
£ 2-vinylpyridine &2 2|3t & S35 Th
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7) Tunel assay =73

PC-12 AIXFE 6-well platesol] 1x104cells/
wellZ 233 thg AZAE FE3171 A8 200
M H,0,2 g3ttt 5, 10, 25 D S0pg/mé 58
W KiE A2 o AIEES WISt
o} SE3ZF 4°C 2T ARG HEE
PBSZ AT 4% formaldehydeS ¥
80% ethanol® 143+ & glass slidese] EF3t3L
TdT-Frag EL DNA fragmentation . detection
kit(Oncogene Research Products, Boston, MA,
USA)Z 58] Al XA HEE methyl green®
geolstgrt. AA AESF 2007H14 Tunel-
positive cellsE AEIEoH, Y WHOR 33

W NSl SPeac

8) BAIAE

2E A4 A73E meantS.DE YERIR T F
A2 E Student's t-testE A A3}, p<0.05% 7|
Fo2 94 %5 BAAh

K #&
1. MZEEefsts Fgt
AAHE PC-127} 200uM H,0,0 93 A2
= N L A IR I Bt o e el B o e el
Az, AT v gz JugHer 2
W3yl yebded, 34420 FEst okd §2

el AEA EAE 7P A ES0] #AE A
WA g KA Bl T 25pgme FEIA A
AL dAH T AR E7Y Aol FRHE &
ol HAHJUHFig. 1).

2. = Mol YES0 x|l I

H,0,9 28t A ¥EARe %% Kiditigel <3
Ao} dAHEANE GolEuat XA Hl&
< trypan blue® @3t} FAYEEE PC-124]
Fo| MEA} v &L BT, FATl &5 K
Wy A8E, 2T 22 10£1.0%, 12+0.5%,
43£1.5%2.2 JERgen, 5, 10, 25, 50ug/ml &
ook S AHdd AS 4G 36£1.1%,
33.140.5%, 21+1.1%, 16.1£0.3%2 YEldth &
3] 25, 50ug/ml SE%E Kk A=Al A EAL
A (P<0.05) A AA = ATHFig. 2).

3 M=L7| catalaseg A 20| O|X|= HEF

%55 Kol 28 AES] drht X4
2] dolry] e MIT assayE 3l AN
t}. PC-12A1 X9 HE&2 FE, AT %5
K AaE, dERTAAE AF 100%,
99:£0.5%, 34+1.5%2.2 VERd |, 5, 10, 25, 50
ng/ml %5 Ktge AES TdMe 44
37+1.4%, 52.140.5%, 69+1.1%, 91.1£0.5%% }e}
with £3) 25, S0ug/ml 5% Kbty A2iA) AE

Fig. 1. Representative phase-contrast photographs after HOz-induced PC-12 cells in the absence or presence

of Aticus.

Left panel: No treatment Middle panel: PC-12 cells exposed to 200uM H.O» for 6hrs Right panel: PC-12
cells treated with 25ug/m¢ Aticus for Bhrs followed by exposure to 200uM H:O» for additional &hrs
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£o] FA(p<0.05) UA BA3 HJAKFig. 3A).  catalase EA BAEE IARIATE BT, FR

e
FaQl

Fig. 2.

(%) Ajligeia (180

Fig. 3.

Kt oa) A& FAste it} ool %% Kty AzlE, dExTdAe 247
catalase®] H|-&o] EX A& &7] A 100%, 98+1.5%, 33+2.0%°] Jepd whd, 5 10,

(S192 [el01 JO %) 8190 enig

N  N+AT C 5 10 25 50
Aticus(a/ml)

200£M Hy0,

Treatment of Aticus protects PC-12 cells from H:O»—induced cytotoxicity in the concentraction—dependent
manner,

Cell viability assessed by trypan blue staining in 25ug/m? Aticus versus control cells after 6hrs exposure to
200uM HO,. The number of dead cells in both cell types were assessed by guantitating the percentage
of blue cells per total cell number.

* p<0.05

N: No treatment group

AT: 25ug/mé Aticus

C: Control group

120 7] 120 7
100 " g 1007 "
80 % & 80 %
&
60 2 60
40 5 40+
20 £ 20-
0- [
N N+AT C 5 10 25 50 N N+AT C 5 10 25 50
Aticus{zg/ml) Aticus(#g/ml)
2004 M H0, 2004M H.0,
A B

The effects of Aticus on HxO»-induced PC-12 cells.

{A) PC-12 cells were treated with various concentrations of Aticus for 6hrs and cell viability measured by
the MTT reduction assay.

= p<0.05, Data is expressed as mean absorbance at 570nm/well, n=8

(B) Catalase—positive cells were treated with Aticus at various concentrations (5, 10, 25 and 50ug/mé) for
ohrs and catalase activity measured.

=1 p<0.05, Data is expressed as mean+S.D, n=8

N: No treatment group

AT: 25ug/m? Aticus

C: Control group
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25, S0ug/ml %5 Khitaps A2 A$ 47
33+2.4%, 42.140.5%, 69+1.1%, 86.1£1.5%% L}
elytth £3] 25, S0pg/ml 4% AKihdidn Az2lAl
FAE7} o)A (p<0.05) UA YERETHFig. 3B).

4. Peroxide¥™ H31Q} GSHEA &4

58 Kol 28] peroxided HAE =
Absl7] $18) BlEFEAQ 2'-7-dichlorofluorescin
diacetate(DCFDA; Molecular Probes, USA)9] 3
FAE9 DCFYFEZY AdS B #Esdd
t}. DCFEA S dAlste AxT B3, 4T
ol %5 KA A E, 2N 42 10%,
12+0.5%, 100%2-2 JJeRd ¥k, 5, 10, 25, 500
gl % Kiite AR A A4

85+2.1%, 76.1£1.5%, 42+2.1%, 29.1+0.5%= 5

ebgtth 53] 25, S0ug/ml 5% Akl A A
F24(p<0.05) JA A= ATKFig. 4A).

S50 Kol <8l GSH7F 243 HeA &

120 7]
100

80
60
40 *
20
0-

(1013U02%) 8ousasasonly 400

N N+AT C 5 10 25 50
Aticus(zg/ml)

200£M Hz0;
A

oli7] Y& ATU GSHEL FAEE 4314t
PC-12A1 W9l GSHEZA A%l F4E, A4+
o %% Kty Ael, RTA 22 30:4%,
33+1.5%, 6£3%C2 UERE ¥, 5, 10, 25, S0ug/
ne 256 Kite AR A A7 742.1%,
13.241.5%, 23+1..8%, 26.1+1.5%% Jeht}. E3
25, SOugml %855 Ky XA F79)X4(p<0.05)
A GSHEAVF E/335k=3ict (Fig. 4B).

5. Tunel assayoil 2|5t MIIZALO]| O|x|= &

25 KHhHA0] Ha0000 218 M 9] A A}

Z AA3lE=A] Tunel assays 3] FE3IATh
H,0, X2l9 22 sty ~Ef 22 A73AHE

=g PC-1241 2 o] M FEYZOA FTL =
Aoz vepd v, tlzwe A 249 %
o2 Ho PC-129] H,0,X4 8| & Q3 N XA} &
DL AR oH, 5 KidyS A=

3%, AEL ke AN 54%% 193

40
35

25 1
20
15
10
5_.

(Sl|32 pajeanun %) HSH

N N+AT C 5 10 25 50
Aticus(xg/ml)

2004M Hz0.

Fig. 4. The effects of Aticus in PC-12 decreases H:0:-induced oxidative stress.
(A) PC-12 cells were treated with Aticus(5, 10, 25 and 50ug/mé) for 6hrs followed by a 6hrs exposure to
200uM Hx02. Cells were then monitored for peroxide levels following a 30min incubation at 37°C in 10 4M

2, 7" dichlorofluorescin diacetate.
x: p<0.05, Data is mean+S.D

(B) Levels of GSH were measured after 6hrs exposure to 200uM HaOs.

*: p<0.05, Data is meant+S.D
N: No treatment group

AT: 25ug/mé Aticus

C: Control group
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oA 9] 39 %

AFALZ Qg Zao] ExstAT Tl H]&)
A Zago] #RLAHFig. 5A).

ol BAANEI A FAT, AT K
Kidttdy Aeld, d2Ee 242 1010.5%, 13+
1.5%, 68+1%° 2 JERd ¥, 5, 10, 25, 50pg/
m¢ 585 Kiire Add A A7 54+2.%,
39+0.5%, 31+1.5%, 22+0.5%2 YEhsch 53
25, 50pg/ml %65 Ky A=A 94 (p<0.05)
A H0.00 ogk AEFel MFEALE A sk

A7S7ket
77+ A Z7heHAl gell wht ﬂA LR
2 Qg Ago] AAA, Abﬂﬂ ez &A:7
Atk 2 FelAM
22 Heex

o] Az YT,

Alzheimer's disease(AD)

% Kol H0,00 <)ol FHAPC-12 fifakke) Mzt vlXe #

Eg] j;}.&/‘sp;]

=914 A=

o} o] ME

1.

L

Aoz JehdthFig. 5B). H &S 2R3t glo, o 91
PC12 H202 H,0,+Aticus
" - i
P bad - 2]
R > -
i " - RE™
I e
o " -
A
120 7
gE‘ 100
g8 80
o o
8 % 60
@ & *
Zo 40
o @
% @ 90 -
0_
N N+AT C 5 10 25 50
Aticus{g/ml)
200 M Ho0»
B

Fig. 5. Effects of Aticus on DNA fragmentation and total cell survival following H.O-» exposure.

E (479

(A HOp-induced PC-12 cells and control cells were incubated for Bhrs with 25ug/m¢ Aticus and addition
of 200um HyO.. Cells were collected, fixed and immobilized on slides at 6hrs after H:O» exposure and
Tunel staining was subsequently performed (dark brown staining); cells were counterstained with methyl
green. left panel, no treatment cells, middle panel, HxOx—induced PC-12 cells; right panel, 25ug/m¢ Aticus

+H;Oz-induced PC-12 cells.

(B) Quantitation of results from A. Six to eight random fields of stained cells from each treatment condition
were counted. Data is expressed as the mean percentage of Tunel-positive cells per total cells per

field(xS.D).

* p< 0.05, Data is meantS.D.
N: No treatment group

AT: 25ug/mE Aticus

C: Control group
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fro] 2287 A9 w=2uksenile plaque), A7
A (neurofibrillary tangles) 2 AlAAE2]
2} E FE WA (granulovacuolar degeneration) &<
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olo] ARt Kol FAst Fol A E
nAe EFE Loty 8 H00 A3 f=

PC-12 A 3] A AN #55 Kihitivge]
ZAMEY] Peisty Wiz, w2 AEE vl
&, catalase§ A A E, peroxideiA] 2
GSHEA BHE 5& S33th

H00 &3 A ZALE frEste] A xS &
eeh WsE #AS A7 Zdwel HlE] dET
< g ez & ¥Hse Jehigdied, 243
ol 7t obd 52 Fele AEAL EAE 7R
AT Eo] FAACE W 556 KA el
& 25ugml FEAA ML) BEET AHE7Y
Aol EAH 3 M EANE AAEHAKFig. 1).

T AZY BEE HAE TS Yot
7] 918 trypan blue2 GAsle] AR A3, F
T &z oz JA Yo &3] 25, 50ugml ¥
5 K HeA ANZAY $94(p<0.05)
Al A = AckFig. 2).

5655 Kty o8] AyEEo] dvpt 3
=X ] Uolr7] Y3 MIT assayZ 53l A 4
53 25, 50ug/me 576 Kihitdy AEA BESE
01 F2)4(p<0.05) A &3} =AckFig. 3A).

Catalaset FAMS}E AR A LA Ao T3t
o} %% Kihitgel el deh catalase®] Hl&
S =A8= ]—g— zZAVH7] #1380 catalase EAEAY

E3] 25, 50pg/ml %555 Kiht
P 13 (p<0.05) S ‘JrE}”
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st A|A ABAEY AEALE Al Aoz A
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NQA 9] 39 3E Kihiligo] 0,00 &3] FHEEPC-12 Mk} MIFE wXle 2 (48])

AW peroxide B AZARE 23 &
g5 kiAol 28l peroxided A& ZASH
2138 ¥ 8 FE-2Ql 2'-7-dichlorofluorescin diacetate
(DCFDA; Molecular Probes, Eugene, OR, USA)
o] HFAHE9 DCFEFEH] A& Ba &
3ttt DCFEE S dAste A=E 53] 25, 50
pgml %58 Ky A=A 72/8(p<0.05) A
A EATHFig. 4A). F3 K5 Kt sh
rrsl a9l GSHe EA8AErF vt &3
Hex] 24 ¢8 AEW GSHEAEPE=E
z3& e E3) 25, S0uymt 556 Kt A
2 Al 94 (p<0.05) AA GSHEAF A sHE U
thFig. 4B). Wl %% Kol peroxide A
Ao A sy Faslask BHTE FIAA A
EAE At Aoz Alg"d.

IR Kol HaOxl 93 A E3-2] M EA}
2 JgA&=A] Tunel assayS Eaf FF3Ich
H,0.4 82 Akstd 2Ef A 22 Az} o3
AARNE 25 PC-124 TS AFEZd|A
AT w02 Yepd ui gxre e
ZAo] gFoz ¥ PC-129] H0 422 A&
AZAZE X8-S AABER glom, 556 Kb
e A2 A, AEN doke TAY 4
Y a2ln A ZAR Q1§ 2o &A% o]
z7 vjg] A Hdage]l BEEHUATKFig. 5A).
ol BAAHT A 53] 25, 50ugml H5E K
i A #94(p<0.05) A H0.E F&
H falathed U AEEZE IRt Ao
VebstthFig. 5B). webA &5 Kihitie] v=
JEHOZ Falithd g MEEPS IAE)
o AZe R3EIW} Yon F29nh

o] Foll A9} o] 4% KA PC-12M X
Fo|Ae] AEAL i8] EHH o2 JAde &
H7F vdeht Ao E 23 71E He Hagg W
sl Q3 BVt DS AR FHH, FF ot
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