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Epigallocatechine gallateol] 2|3k

amyloid B peptide =4 AAAEZFA 2] A

AN, X, A2, AT, HaAx, o|2F, AME
Addista Ao gd st Ao std 74

T PC12A| 2| A amyloid B peptide (AB)ell <3t A7E 5] A3ALHAAE T3, 12
Aro =z 7333 A3l &3+ el = epigallocatechin gallate (EGCE) 2|3 A4 <A A &3ts 79

97 AN ZEAN fAT Az J PC124 22 AHg3igl.om), MTT ﬂ%—:—% ol gkl ABS] AELHAE

2A}ahd 3, Diff-Quick G & o] 45te] Fela Wske AL Aol 18 PCI2AES] 583} o) F o
3= EGCGE 244714 *Jil"a}ﬂr"é% 7] gla) B4 L;%(ROS):@, western blot, RFPCR 5] 1fi&

AHg-8F9A

ABell 23t M Z5AL v = &Mooz velgon o wiof Mz RS v 23 A ZAH A} fALSH
Hed wstell ofs ElF et ABell o3k MEZEA> EGCGe] HAMA|el o8] adtxoz A=) =3t
EGCG= AREe] & wAlsl: BAJARAZES ROSA 7]l NAC (N-acetyl cysteind] X% $F o2 7+ A0k
AzEgo) AzAday F AFA oE Z=2e) Hid el AlZ4 W cytochrome €] 3ok AB o
F 124 7RE ZUlskelem, EGCGH o] ##]3] Ftastsdeh A=A W cytochrome €] f2& A3
Bax/Bcl-22] &l A& RT-PCRE 53l &<lalyiet. AR Baxe| Hd & F7HA3 0, Bel-22] WHalel & o33
<+ A kgkon, EGCG= ABell €]t Baxe] 3715 A5t

ol el Atz ABell o3t AAME FAL ROSH MEZEFL] ARA & Z=o o3t Zloez Mo,
EGCG: 3Atstast ool = A ZE50] AFRA o]& 7 =9} faAs chile] i A5 B3 avxoz 41744
ZE B3 oz Azdd.

FolE7| &2t : amyloidB peptide, PC12]| 3, epigallocatechine gallatel] £=-4]

M 2 zZgoz AAFYL do7)= He] AlzheimerH

o] =4 Welo=z A= 9ok (Drouets 2000,

Amyloid B peptide (83)2] FH oz 7= x4l Harkanys- 2000, Neve%- 2000). A3:= 40~4271 9]
ul(senile plaque)] S o3 AlAMEZSH 3} olulxAto 2 o] o]l peptidezr] amyloid A A
Q14k3} tau ¥ (hyperphosphorylation tau protei)) — Z5E] 23, Xt 2o NZ2FE dibe
A 23k 21745 (neurofibrillary tangled) 2 3 w2 A¥AH AR SAATE AAAM 2SS
Jehd o] oelx o} (Giovannellis 1998, Fukudas

rol e 20020 5 s AgAT ANwpAT Al 1999). ABrE AAEAE el AR 71Ae
A sy ) B4 G124 2 e redicaly 20
A2}-$-9 : ksh@chonnam.ac.kr FELS Wy 9t & AAMEZE AR =EA7]|H
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Az FAAERS Tt FTheke, o=’ &4t
2E 2 5 e A A aas A
7bsi ARS Aol alETi: Aol (Behlst
Sagara 1997, PappoHga 1998).

NANEL] =82 & @Ale, nitric oxide, CoCJ,
6-hydroxydopamines-2] o3t =7elx s
+ ez BRuFHEI glo (Nie 5 2002, Zous
2002, Zhu§ 2003). 221} Z47ke] xp3ol wheh o
g AzAEHAE AAT sl Aoz dHA
et F 2o RuEL AAM 2 83 #Ee
FAART o) gl AFIAVE F27 J#E st
o]3xo 2 RE] cytochrome g} c}okst 2150 ule-

sle] Az W= $e]5e] apoptotic protease acti-

vating factor1 (Apaf-1)7} Z231A|S Aoz
caspase cascafie #J3}A7] F M EHSS o)t
o} (Zou 5 1999, Shimizus- 2000, Soedds 2001).
wkebA] cytochrome & AFRIAS] 715 ol4-g
sk Alzheimertell A A7 2555 o7l
Folshs 208 242 AT 9

39, EGCG= =x}o] FAE o= superoxide
radical, hydroxyl radical, peroxyl radicat- free
radicale 2718 4> ol& 4t ol Tt A 2
& RolF4n ARFo=A AT P 24
st= flavonoid 33 & ]} (Hanasakis 1994,
Hodnick5- 1994, Morels- 1994).x:31 o] =2 cycl-
ooxygenase} lipooxygenases-2] A AL w3}
A7I A AT Ao zn ohFat
kel zt4-& vell7l= &b (Saijas 1995, Jig
1996), d 74k, Sl 5 oI Fokel 2 dad
3 A el FAaE B3 Aol AAlE=
o oeFs AESY A4S vepdo (Chans
1997, Okabes 1997).¥bH = flavonoid 3=
o] Parkinsony 7Z+& 17 WAl 23} (neurodegene-
rative disordedi| A ZokA o= P SE51A Al
AR5 a3t 9lgel BaE i (Nie 5 2002).

meba] B QA= PCL2A| Zo 4] ARell <&
ZAEAke AlzAadsAdE gen, EGCGI &3t
A& AAlasts FHsle] Alzheimer o
2E 9% 71x AsE AlFE] S8 A=

o>
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1. MEbj

|

Az AR Z 48 2A87] 918 in vitro
modelz. 7174 2] AMgEE F 2 EFAA
S g MEFQ PCL2A| 25 AM&-3}gich PCL124)
XE 5% 4 "o} ¥A, 10% % A, 100ug/mL
streptomycin, 10QUmL penicillin} 250pg/mL am-
photericin B’} 235l RPMI 1640u] ofel Zoj| 2] 37
°C, 5% CQ-95% Q 271l 4] v ofstsict.

ABe] AN E HA2 PCI2H 25 tji} o= A
Z a5 A=l Az MTT 395S o35
 A=2H Ao PCIA 25 wiFst & w)
& 871 A wlelie] 3eka 0.9% NaCHl +A
3t 10% FBS} =35 RPMI 1640u) %ol R-{-A]A
96-well plates] well®d 5x 1042 M =Z= wjoks}
st} 2447+ Fo| 107°~10“mol/L AB 2 0~100
umol/L EGCG5-2] AH7}=S 7}star 24Xz wjeF
% MTT (Smg/mL)g H7}ste] 4417k Bt 53}
3 dimethyl sulfoxides 713t ©}-& 570 nnvl| A &%
=8 ZAsheleh

3. HHAMZo| Hefx pE

Diff -Quick @& o] &3ted AR AX A%
PCl12M| 22] e W3ts A3t PCI2A =
E wieFst & wiek £7)elA wleje] AR
0.9% NaC#| FA3 10% FBS} =% RPMI
16407 Aol E£-A]17 60 mm diski] 1x 10°7H2] A
ZE ujoFslgdch 24717k Fof 50umol/L AR 2 100
umol/L EGCG 52| H71EE 7lst 24X)17F wjek
% PBS2 A2 v ot EF wvkE] 1.1 584
Nog AT —20°Cell A 2087F vl k3t o5
Diff -Quick 29 (Kuk Jae 2 5%z} Mtz 3
shdu] 7 o2 Al



4. M|Z ROS &3

PC12A4 =y ROS?| <F2 3J3} probesl DCF-
DA (2' 7'-dichlorofluorescin diacetat&® A}-8-3}o]
=23}l ). v efollel] DCF-DAE well & 25uM =
A2lste] 1587 wjekst % 100pmol/L EGCGe}
sopmoliL ABE H=)stde}. whe 5 el A=
FA3}E-2 excitation A 485 nm, emissiong A
530 nn¥l| A fluorescenc& =33}t

5. Western Blot analysis

PC12 == ice-cold phosphatebuffered saling.
2 FA ¥ AL & protein lysis buffer [20 mM so-

dium phosphate (pH 7.4), 150 mM sodium chloride,

1% Triton X-100, 5mM EDTA, 5mM phenylmethyl-

sulfonyl fluoride, 1% aprotinin, 1 mg/mL leupeptin,

and 50QuM NaVO,] & ARgste] M=ZzZE 31335k
ohowhi g oke BCAWS AHgslel 24,
100pge] wHl=zl-& 10% polyacrylamide gets A&
3l #A7]°3% 3l ¢]E PVDF membrane =
o] ZA]7] & 5% milk7} E¢3)+= 0.5% Tween 2&
Al&-3}e] blocking s}sio). 1%} 3k (1: 1000 ant:
cytochrome c& & % horseradish peroxidage
Z3d 22k 34 (1:2000)5 F-&sfodet. =hija e
s A xx= chemiluminescence kit (ECL syste®)
ALgstoleh. AA| gl ke PVDF membrang stri-

pping buffer [L00 MM 2mercaptoethanol, 2% sodi-

um dodecyl sulfate, and 62.5 mM T+dCI (pH 6.7)]
2 50°CellA] 30% A2 F actin FA = AHg-3she
Zx3}ele}.

6. RT-PCR

A mRNAZ TRI reagent (GIBCOE. F=3l
RT premix kit (Bioneerz *3#1A}sle] cDNAZ w9
£ ¥ PCRE 53 SFAIF AHS-8E primer=&=
Bax?] ¢ 5'-GTTCATCCAGGATCGAGCAG-3
(sense primep} 5 -CATCTTCTTCCAGATGGTGA
-3 (antisense prime& A}4-3}9 1, Bel-22] A9
5'-CCTGTGGATGACTGAGTACC-3 (sense pri-
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mer)¢} 5'-GAGACAGCCAGGAGAAATCA-3'
(antisense prime& AMg3l9dh. =Z35 cDNA:
1.5% agarose g&lx A7]|°dE38t3 UV slellA] el
sloict

i
AR HEZZAS MTT &dse= 3halsgioh

Fig. 114 & 4 9l%e¢] PCL2A|ZE 10°~10*
mol/Le] ABS} &7 37Cellx] 2427k ujofdtel] o}

Reduction rate of MTT

0 1 : ! ! ! I
10

Concentration of AB (mol/L)

Fig. 1.Dose-dependent effects of amylofl peptide on MTT
reduction in PC12 cells. Data represent the m#&3i3
from triplicate experiments.

120
100 %
80
60 |
40 +

20

Reduction rate of MTT

0 . . . . . . )
Control 0 10 30 50 70 100 200

Concentration of EGCG (Umol/L)

Fig. 2. Effects of EGCG on amyloi@ peptide toxicity in PC12
cells. Data represent the meanSD from triplicate
experiments.



Fig. 3. Effect of EGCG on 8-induced morphological changes in PC 12 cells. PC12 cells were incubated in the absence (A) or presence

C

(B) of AB peptide (5Qumol/L, 24 h) or the pretreatment of EGCG (3080l/L, 1 h) (C). The cells were stained with Difpuick
method and nuclear morphology was deteceted by light microscop@). Arrows indicate the nuclear fragmentation and

apoptotic bodylike changes in B-treated cells.

o AZ BEF] A S MTT $90%0] HAl= AB
rw oxzAoz zhaslth = 10°~10°moliL
= 3w AR ol MTT felse] <igf
< x| okgroi} 108mollLEc =2 =9 AR

o oM MTT 3Hl5e] A=l om, ARY] 5
=7} STkt wet 2 AqAlzkge] AHAt st
eldoh AB =71 10 *mol/L(100 pmol/L)Y o=
MTT 2Hl350] oF 40%71A] #Aastadet (Fig. 1).

0~200umol/Le] EGCGIA x=o wz} AR A
=54 nHx JgFe 24U EGCO} A
AESAe A plHEle B 915
of vjefalel Hrlel AR FEE vlwd & 5
=<l 100umol/LZ 3}9it} EGCGE = o|&3 o
2 ARl 27 MESAE o3 Ao
100pmol/L o]4ke] =l 4 Aol o8t Al Z5A
o] A A= st (Fig. 2).

ABell 2J3t HlZz543 EGCC 23t A =8-5
HeHoz 2Qlsl7] f13te] Diff -Quick G4 &
AFg-3F Aol A 50umol/L sx=2] ARl 244]7F wlj
okgt PCl2M|Z=E2 AAF A =ZE (Fig. 3A)Z
el Azte) 3 9 9 wdsh Fo) Az
o} fAkeE el WalEs Beek(Fig. 3B). 1=yt
100pmol/Le] EGCGE 147+ A5 A< )
A Wste wolk AEES A BAY & g
(Fig. 3C).

ABell 28] §tEl= PCL2A| 28] &8¢ A3}
EGCGe| zhg7]0¢ Fobur] $lsted A=y
ROSE =4 3}5ich. 50pumol/L ABell ]3] ROSAAF

R

k.
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200
180}
£ 160F
g 140
5 120f
£ 100}
é 80t
5
S a0}
0 . . N s B
Control 50 pmol/L 50 pmol/L AB+ 50 umol/L
AB 100pmol/L  AB+5 pmol/L
EGCG NAC
Fig. 4.Effect of EGCG on 8-induced ROS production in
PC12 cells.
12h 24h
AB - + + - + +
EGCG - - + - - +

Fig. 5.Inhibition of AB-induced intracytoplasmic cytochrome c
by EGCG in PCI2 cells.

o] Z7}slgd em, 100umol/L EGCGE A=) X3t 7
+ ABE A& Mz uls] ROSc<ko] #A|3}A
%04—‘:—‘”4 o]f= ROSA|#AI¢l NACE AHx*|st
Ssb AR 25& nelo}(Fig. 4).
AB°ﬂ ot MEZSS dod|= A= W 34
2 #A#H EGCGY AA=4714E #3]7] S8
western blog %3] Al=Z2 Y cytoplasmic cyto-



AB
EGCG

Bax

Bcl-2

GAPDH

Fig. 6.Effect of EGCG on Bax and BeR expression in -
treated PC12 cells.

chrome ¢5F& #<lstglh 50umol/L ARES =g
g 1247128 M Z£A W cytochrome eiEe] $7}
37) Alakste] 2407744 A4 5ieh e 100
umol/L EGCGE HAA|3t A o]e} 2 Zvh=
A3 A = st (Fig. 5).

AFJA W cytochrome €] A=A W] $2l& =4
3= Zlom AZtE L whlalel Baxe}l Bel-29] i
oS RT-PCRE E3) F9ldlgir). dutd o=z
Bax/Bcl-29] H]&o] =5 AL cytochrome el A
23 ) fe7t Zokska nlgel Bt AsE &
) pasie Wes ese Aoz WAl 9l
t}. 50umol/L ABE Foidtar 8AzF F<t wokEt
PC12M| Zol|A] Baxe] oFo] Z7}3}e]en], o]= 100
umol/L EGCG?] A x]x]ol] 2]al 7435}t Bel-2
o) A% ¥ 27 mRelA W} 219w (Fig. 6).

oo
ABS FARo= 3= xglute] 22 Alzhei-

mer Woll A WA= 7R} F3 ZAlolu], A 3He
Ak Agel gle] ABZE 7113 RelFe W
2717} AAEe] kot (Bayers 2001).wheird AR
o &3 AAME &4 HESAL] 2AL o3
3= 7] Alzheimer®] 2] o|u}s} X a2 &) v
Zo3l). ARe] MZEAe] 7)Ael| g B d

A8 Eo] grom 1 F Aol <3 ROSAA

E°] %
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a4 o a1 —
o] Z7IE& Mol W HyEo] 9li(Hensley
= 1096, Behis: 1997), 27151 ROSAA 0.2 §

ANE

= A g2 el A AFAIS] 715 el
Aro] eht= #Ao) g4l Bl (Benziel Moretti
1995). 2 A oA AR A x]x= PCL2A| %o =
o)zHel MEEAE e g, ROSAA Z7hsh
AzZge] AR dF Azs FAL el 4
=AY cytochrome ¢] =717} Yels= Hloz w

o} o]5g B3t Az o] Fodl 7|A F shiz
A=

2 A543} Bel-2 family7} cytochrome €] A
24 W fEE 243 783 B AAEHL

2lc} (Gottlieb 5 2000). Bcl-2 family:= A Zx}g A}
oF 22 Heo Mxzs A2 o
] glemn, 7159 ulg} cytochrome ¢] A= 4
el s FA2AA AEZFSE do7IA gx
(Bcl-2¢} Bel-XL) 3}, cytochrome €] Al =2 W
25 S7HAA AEFSE FUEse 7 (Bax, Bak,
Bid) o2 -;"‘1-?% Uk & AT 23k ABell 23]
Bcl-2 mRNA®3-2 w3zl 9l o). Bax mRNA
2 AB A7 8 l& Foll FElo] #7}6}"3‘;} e}
A ABell 93 AANZEFLS B
3} cyto-chrome 84 27}
o= meleh Tt ABel oj&
3+ Bcl- 2fam|ly9] 7152 o}A
o] 8- Bcl-2 family7} ROSe] A& zAsole
13'_9} (Starkov% 2002),4tdj2 ROS’} Bcl-2
familye] W&s 24 5 g BuEx Q)7
) Fo]t} (Herreras 2001).z3F cytochrome €] A|
A4 W feke] AFAA A B ¢l (Cai
¢} Jones 1999).

._._‘.L =z ‘]_‘.:_

S

O
=]

(4 = sl of

2 ATl Hxalol] E£3hE =A<l cateching}t
o] 92 EGCGE ABel 23 PCL2A| 254
& Tx gEHez oAz A& FAsH

EGCGr} Aol 2@t Alz=4e odashe 714 5
7k Az lelA §4E ROSE AAsH: 3
34 2 2] 7)5e|tf. EGCG= superoxide anion,
hydroxy radical, singlet oxygeh lipid free radicals-
Mz g FF] ROSE: adxoz AAZE 4 3l
2-o] B uF<eH(Guos 1996, 1999). Catechia}g}



E3} free radical}e] vl-e-A& catechind}3lE-2
hydroxyl71e] a2 aelol weh =7 Db e
(Bors and Michel 1999) EGGE epigallocatechine
(EGC), epicatechine (E&)2] ©}= catechinz}dE
o vl 2% B 23 glond, o|zle] ABe]
AZEYE AAseY Flodshe Aoz Bl

E dFelA EGCG:= ROSY| A|AE F3F it
o 23 sel= Bae) Y S 3 oo
chrome ¢] Al=4 v f2l& &Iz a3
o ol ABel S8 414 AE £l A B ek
e ARAS s olge EGCEL mses
AT 4 9 AT BelFe sleldh wAF

o] 9lof| &= vl ~6§ FZF(Yao5 2001, Peng

% 2002) 52 AAE-o] Alzheimerw e outa} =
A sl £ E3E Hol: Hoz Feid Qm
estrogen, acetaminophen (Hosoga 2001, Bisaglia
2002y59] A& &jol] sl x i) JFF
AUt

AT A3} ARl 23k AFAA
g Al zEEe) AFA 9E 75}&7}
Aoz /‘EZ}QD]- =3l EGC
A Z5g2
d JAe 53 mAHe=z AAEES
Aoz A= g8y Alzheimerdo] o3k A=
%29 c-Jun N-terminal kinase} p42/p44 mito-
gen-activated protein kinasegd= MAPkinase fami-
ly (Troy 5 2001, Chengs 2002)} phosphatidyl
inositol-3-kinase (Chengs- 2002) 5-2] A|x2] A}

23 g0 B e Fed A5 A A=
qA A Ui Aoz Az gl vt
Al Alzheimerg ] <}z &4 /WEE SeiAE
% BFE Teld ue PPN A77} 28T
Ro= AR

Rl oft

0t
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Abstract

Inhibition of Amyloid 3 Peptide-induced
Neuronal Cytotoxicity by EGCG

Min-Seok Kim, Ji-Yeon Jung, Eun-Cheol Kim, Hyun-Jin Kim,
Won-Jae Kim, Eun-Ju Lee, Sun-Hun Kim

Dental Science Research Institute, School of Dentistry, Chonnam National University

This study is aimed to investigate the signal transduction pathway of anfy/lméghtide (A3)-induced neuronal
toxicity and the inhibitory effects of epigallocatechin gallate (EGCG), one of the major constituents eteaesm
the potent antioxidant, on the nerve cell damage in PC12 cells.

Cellular toxicity was estimated by MTT assay and observation of morphological changes in PC12 cells. By using the
methods such as measurement of Reactive Oxygen Species (ROS), western blot-8@RRihe underlying
mechanisms and signal transduction pathway @fiAduced neurotoxicity and the inhibitory effects of EGCG were
examined.

AB-induced cellular toxicity was found in a dose dependent manner. This is confirmed by morphological
observations of cultured cells such as findings of cell death similar to apopt@sisiddiced neurotoxicity was
effectively inhibited by EGCG pretreatment. Moreover, EGCG reduced ROS as same potent as the-&b&g/(N
cystein), the ROS scavenger. Among the several process of signal transduction for cell death, a intracytoplasmic
cytochrome c, the protein associated with the mitochordependent pathway, was increased from 12 hours after A
treatment and the increased cytochrome c pyvAs blocked by EGCG. Expression levels of Bax/Rcin relation to
intracytoplasmic release of cytochrome c were examined byPRR. A3 up-regulated Bax expression but did not
affect Bcl-2 expression. EGCG was found to block the effect@fiAduced Bax increase.

From these results, it is speculated tht-#duced neuronal toxicity may be assumed to be affected by ROS and
the mitochondriadependent pathway of cell death as well. EGCG, besides having the role-okafamnt, is found to
have a protective effect againsBAinduced neurotoxicity through the inhibition of the expression of the protein
associated with the mitochondridependent cell death pathway.

Key words : Amyloid 3 peptide, PC12 cells, Epigallocatechine gallate, Cytotoxicity
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