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The Effects of Polygala Tenuifolia DM Fraction on
CT105-injuried Neuronal Cells

Sang Won Lee, Sang Ho Kim, Tae Heon Kim, Hyung Won Kang*, Yeoung Su Lyu

Department of Oriental Neuropsychiatry Medicine, (bllege of Oriental Medicine, Wonkwang University

Alzheimer's disease(AD) is a geriatric dementia that is widespread in old age. In the near future AD will be the
commom disease in public health service. Although a variety of oriental presciptions in study POD(Polygala tenuifolia
extracted from dichlorometan) have been traditionally utilized for the treatment of AD, their pharmacological effects and
action mechanisms have not yet fully elucidated. It has been widely believed that Ap peptide devided from APP causes
apoptotic neurotoxicity in AD brain. However, recent evidence suggests that CT105, carboxy terminal 105 aminoacids
peptide fragment of APP, may be an important factor causing neurotoxicity in AD. SK-N-SH cells expressed with
CT105 exhibited remarkable apoptotic cell damage. Based on morphological observations by phase contrast
microscope and NO formation in the culture media, the CT105-induced cell death was significantly inhibited by POD.
In addition, AD is one of brain degeneration disease. So We studied on herbal medicine that have a relation of brain
degeneration. From old times, In Oriental Medicine, PO water extract has been used for disease in relation to brain
degeneration. We were examined by ROS fromation, neurite outgrowth assay and DPPH scravage assay. Additionally,
we investigated the association between the CT105 and neurite degeneration caused by CT105-induced apoptotic
response in neurone cells. We studied on the regeneratory and inhibitory effects of anti-Alzheimer disease in
pCT105-induced neuroblastoma cell lines by POD. Findings from our experiments have shown that POD inhibits the
synthesis or activities of CT105, which has neurotoxityies and apoptotic activities in cell line. In addition, treatment of
POD(>50 ugfm¢ for 12 hours) partially prevented CT(105)-induced cytotoxicity in SK-N-SH cell lines, and were inhibited
by the treatment with its. POD(>50 wg/m¢ for 12 hours) repalred CT105-induced neurite outgrowth when SK-N-SH celi
lines was transfected with CT105. As the result of this study, In POD group, the apoptosis in the nervous system is
inhibited, the repair against the degerneration of Neuroblastoma cells by CT105 expression is promoted. Decrease of
memory induced by injection of scopolamin into rat was also attenuted by POD, based on passive avoidance test.
Taken together, POD exhibited inhibition of CT105-induced apoptotic cell death. POD was found to reduce the activity
of AchtE and induced about the CA1 in rat hippocampus. Base on these findings, POD may be beneficial for the
treatment of AD.
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wela] AF] pathogenesisoll= TE QIXIE, O SAA T
amyloid precursor protein (APP)9] T}E EINARIEO]
& Jhsdol At & ¢ Uk IE QA SolME 535 ApY
AH gArsdE AZ7ET e O il (carboxy-terminal
105 amino acid fragment of APP, CT105) off thald #alo] 2
O Qewll, 2o H 592 Cot vid Fojoll 93t QA
7189 £42 PDH (Pyruvate dehydrogenase)Q] E4X519} 0]
E QIS oti"E2I9] SEASIE 719 Aojet SR Bt S
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1) #%E

gEo A12E A|2X2 RPMI HiX|, fetal bovian serum
(FBS), penicillin /streptomycin, trypsin, lipofectin, (Gibco BRL),
MeOH  (Merck, Germany), MeOH,
Acethylcholinesterase(AChE), MTT (3-[4,5- dimethiozol-2y-}2,5-
diphenytetrazolium bromide), 1.1-diphenyl-2- picrylhydrazyl

dichlorometane,

(DPPH), Scopolamine, Greiss reagent, sodium nitritet= Sigma
COAfol A PU5HE AL, N’ N-dimethyl formamide=
(UsA), D2DCFDA(2’, 7'-dichlorodihydrofluorescein=
Molecular Probesoi|4](USA), Fluorescan Ascent FL= Thermo
LabsystemA}o|lA] (Finland) 2.2 HE{ TGIGHL I 9 Aok
25 E5 B diRk|okg 2183t

2 gEol AF2E 7171 CO; incubator (VS-9108 MS,vision
scientific Co.), phase-contrast microscope (Olympus), GEMINI

amrescoAt

avoidance System (San Diego Instruments, San Diego, CA),

evaporator(Elyla, Japon), ELISA (enzyme-linked
immunosorbent assay, Bio-Red, USA) reader 52 A3 L)
2) Hplo] R

PODZA : 2 Hhioll HRAE & 2 kg2 A2 L2

oz

g iER 2
HelolA 4561 Z2A 248 & HeE(MeOH) =8N 5 1L
Y12 ~ 43 8n) £&511 2o OF 2EHE 50 ~ 60
mmHg % 30 ~ 40 T9] ZHclollA UUEE7] evaporator2
F SH0IM FEUUNY L2 E AASNL 3)4F FEdol v
e 52 WA BUJEE 04&1’/} 5N %OH D‘TOTQ

-
sapag ot e, %nn
2o Do E 52 AR BUMHE ol0) 75 g2 B46t

| 2% - g 2EE U6 348 2
B 232 A1 Hol vlg] 1000 mg/misE R F415)0] CT105
of olsh AAME &aiel AHES opiE BT AEZH
(AChE)S] 84S AaA7IE &3t 898 solsh] Y8l A1
=

CT 105 FZo[r]T MZF9] sHeF
B Afo) A% pCTI05 SEpAn|=9 T&HS
Medical School, Brigham and Women’s Hospital®] Center for
Neurologic DiseasesA~%; Dennis J. Selkoe BIA}Z RE] 22
Zw) Sur SHAL APPABSZERE] ZTREBMNEFQ SK-N-SH
celifiollA] wso] HEE PCRE $85l0] APPISEEY)
CT105 duinkg 22lsle, o1& TA vectorQl pT7 vectorol
clonningglod THEFEFO! IM1090] HEHEAIHA, 0] ZehAv|ES
Z&31 BamH1/HindllI9] ASEAE ME|BIL, 018 EFS
2d1s WE9] pTRA vector®] BamHI/HindIllo] 4191610
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HE CIS22UEREE0] CT1050 9ft HZAME BEo RIAlE 82

clonning®} T}, thANTO! TM1090) SAIKSAA pCT105 E}
AREE BEldle] 2 dEo AT AlEFe] SK-N-SH
cell2 AStisty gol74 §h AEZFSY O ZHE] Bekuor
Al ATHERLRIA 5 % FBS7E gh=6 RPMI vl Aol penicillin/
streptomycing H71510] flasktA] cell cultureg dishol] Hie}F5}
WA pCT1058] SEIAV|EE 2 UEo) ABMZFE FHIV]
230 1)2] 103 M ZE 6-well plateo] 2F5HI 37 TollA] 615
Hiersled 80 %A L FUXM WIS the vi2W AZ pCT105
2 ug} serum free medium (0]3} SFMolE} WH) 100 & 8
3hil, Y29 BE lipofectin 10 409} SFM 100 w & E3kslod 45

incubatorolA} SX|811L 5 % RPMIMI X & H715Kd 6HEHF vk
st} o]8 MER 6-well plated] TIA] Al SEIHEA] G-418
450 pg/miE selectionS 257t AAI5HL T cloneS A8
B 4go] Atgslaict

2) Az 54 &F

CT105 g}3 SK-N-SH cell lines& 10°4) Z4F 96-well plate
BZ=s17 37 € incubatorol]A] 5128 wiakst o2 CT1057}
= vectorZh FZoIQYAIZ] FATHNOR), CT1057F HAAIA
A 0]1JAIZ] thAEZHCON), thETo] 10, 25, 50, 100 zg/mls
Z PODE ANzlgh 2T R F&olo] SR wjeret
|Z= g ABISt F 6417 Foll MTT (3-[4,5-dimethiozol
2y-]2,5-diphenytetrazolium bromide) & 20 W& H7I5ld 3

of

M1 oot 20 2

x
T

A1ZH SOk uhekE TH2 DMSO 50 42 H7HSHIL Aol 30 &
o1& BI2S AIAM AEMY Myl WaEE HES ELISA

(enzyme-linked immunosorbent assay) reader®] A570/A630
nmold EBER SESIACH
3) Al Hensty B

CT105 2} SK-N-SH cell linesZ 1034 255 6-wello]] &
FolL ohREE BHeFSt The ICss 0! POD k=9l 65 pg/ml
SEE ANElsld MEFY MEAE ARSh=A ZARBE] 3]
5 % FBS7} g%t RPMI medium, penicilin / streptomycin®]
BHrer HHAIE 37 TollA] 12417 w6l vieE HEGINIrt
AZEA BEES H0)Z9) 2008804 MEAPE K8 200708
T MzsE #ddlad ZAlsIrt
4) AZAAM LY ROS(Reactive Oxygen Species) F5

ROS ZFe ZhangEY9 yHE S8l UAGKICH
CT105 3}2Fs SK-N-SH cellsZ 10° cells/mlE 96-well plateoy
B33E11 37 T incubatorofl A 31520} uieF5)1 POD UAEFS
10, 25, 50, 100 pgg/ml BT 2 vixlol] H2|s & 1247} vl ks1S]
ch AIZE 999 %9 otz 3¢ 125 mM DCFDAS) 3A}
SESo| 818 600 U/ml esteraseS -20 Cof] stock solution®.
Z ARBIH.om A8 10 yM DCFDAS} 6 U/esteraseE 35}
k9 N’,N-dimethyl formamide (amresco, USA)oll &dl¥E
H2DCFDA (2, 7-dichlorodihydrofluorescein)  (Molecular
Probes, USA)E A& =57} 50 uMo] HIEE 22 CollAl 2027}
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wiekst & ARBAZIA] @ao] RHEst B AEAl AE49)
DCFDA7} esterase fi= (181X 7ipEalE wol vlg@3&el
DCFHEZE ®otdEslE|r DCFHE 82434140l 98] 4tskmjof
78 H&#2 VEhHE 2, 7-dichlorofluorescein(DCF)0] T2 &2
dhiEl A2 Fluorescan Ascent FL (Thermo Labsystem,
Finland)S 0] &3} excitation 485 nm/emission 530 nmofA]
EH6IATE
5 AAAMzY eHiglE &£

A3 SE8E7] Yo) Takao (1994) B9 W™ & o
b £l dElg AABISet =29l 1.1-diphenyl
-2-picrylhydrazyl (DPPH)ENE 80 ug/mé in BtOHE ZAIGHL,
o] 29 1pgol] POD 10, 25, 50 12111 100ug/mlS} &7} E1 &
E ofelZol §olA17] ¥ DPPHY] coloriislE H&G6IH 7HEkA
Q1 ghisl gd RS IEEIict
6) CT105 A9 NO M4 T 55

CT105 M ZFUY NO(itric oxide)?] MHATE ZH3FP|

oot

>

T3 OF= 10, 25, 50, 100 pg/mlS] ST E 6417 MTITH & 48
H 100 WS W 96-welloll §7]1L Greiss reagentSH 50 W&
H7ysla AeolA H&E Al7) T2 ELISA (enzyme-linked
immunosorbent assay) reader® A570/A630 nmollA] EHEE
Z856l, 018 TFRZM0L 0, 1, 10, 20, 50, 100, 150 uM sodium
nitriteg gHAEFSol] HE35Kd vju BA3INAct
7) neurite outgrowth®] Zo} &4

CT105 uk SK-N-SH cell linesE 10°ME4>Z laminin
coated 6-well plate(BECTON DICKINSON)ol| E3*5}al 5=
vi ek} T2 NGFE 50 ng/mlo] EA slod HIISHL 6A17H&¢h
A= 71st thig AkErd] 23 WAl 10, 25, 50, 100 pg/mls
THEE Azlsied 100709] A EollA] neurite outgrowth lengthE
gnlAslolA FEEI S8 3 45 HIWSH neurite length
scorer> RS 052 499 #AE 406l 4829 4%
g 1, 2 3, 4, 5= XNEsId EA NEISKAT
8) olHEZE ol AEZAl(Ach E)] 4 Hal: &8
i & E o) Z(DMSO)] B51A17] % 100 mM 914kl (pH
8.0, "&&N 1ozt #)oll 200 pg/ml ST E SAGIATHDMSOS]
BL ASEE 5 %E 3A). 10, 25, 50, 100 gg/ml & POD 1.5
né, 100 mM Q14K (pH 7.0, "&kEH TI'2k 8H 1.5 md, 75 mM o}
NEE|QER1QE 8 20 4 % YHATR|CE [Buffered
Ellman’s reagent; 55-TIE]Q-HIAQR-UEZHZLNI0 mM,
NaHCOs 17.85 mM] 100 & S§5HL 25TolA] 10 83 dhs
Al@ck J2ld, AChE §4(20 w)E Eil 550 4101& Tha

30& HHCE 5 BEC §BLE SFSILEN e HHS(linear

reaction)] 2 2RIGIGTE E¥i Hblank)oll= F4 thi] Al
(saline)Z HoIFACt. 3 OWHEILETQLE A €A
L1 FHTE 5F5K PODIF G4 FTAICKIS HIEO]

& ukgol LIERIAl 2T ERISINUTE ES, PODE ¥A] 3%k
2 WE WA THcontrol) O F FhiL o]ufS] AChE 4T E 100 %
E 3I9E ul, PODE ol thet ACKE GIHEETE " %A
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UERIATE §48H T iR FollA] Lineweaver-Burk plot&
ZEE] Km 3t 0.0060] 11 Vmax 32 6780 F &0151d g
9] AChES] &g &5 AChE 848 & 53] dhHEslo
AR 7YEE P<0.059 HY WollA] t- test= HESIATE

9) EAIXT
ZE 48 AMES meantSEE VBRI EAXEIE

Student’s t-testE Al p<0.058 71£LE RO GBEE Tt
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1. CT105 e M EFo] 93 M ZHEefEH] gt

ABMZO HEXQ] FYOE PAPPY] CLUL T HE]
=01 CT105 2Hdoll Qg [AAM EL] A EALE 201817 Hal &
ghsiu] Z5lolA] Bad 23, Zakdol uls) CT1059) Wi O F
018} AAME M EAL= HeEfSEE O E 3 HIE Ve =d],

A ZALR} BEE apoptotic body7} EEEIL AMAE7I7F AY
AEE S-S HHTE PODARITES 25 pg/ml Ol4tsTollA] Al
2Ol HESH N EANE I8, AFE7Y LFo] | ekstA T

EAL, 100 g/ ml gEoﬂH“ ANFEAZY HEZO) TA LIE
23 EAlol AAZE7 A1Fo] FESACKFg. 1).

POD 25

POD 100 (&/ml)

POD 50

Fig. 1. Effect of POD on morphological changes. Representative
photomicregraphys of SK-N-SH cells(NOR), CT105-expressed cells(CT105), and
CT105 cells treated with POD at the concentration of 10, 25, 50 and 100 e/ ml,
respectvely, are shown (2C0 x). Survival cell was determined by phase-contrast

microscopy. Similar results were found in at least three separate experiments.

2. s AFAEY MEZA A G

AAMZY AZALZ} PODoll 9a) duht AR =R AlE
Al BIEE ZAIS 23}, A1Z M2 ASEQ MO T Hawt
o} 53425 %QIl vl CT1059] WAL Z Qg MEALY] HIES
OF 921420 %E LVIERA YHH, CT1059} 10, 25, 50, 100 ug/mé
POD AzlaolAE z1zh oF 81.1+25 %, 57.2435 %, 51.25+2.5
%, 36.212.6 %2 LIERARR T, 8] IC502 oF 53 pg/mE =R
W] RIAMZY M ZEAL7T PODo| Q18 5 Oug/ meo] Ao
A fad JAA AAEHACKFEg. 2).

3. AAMES ROSEHY A5}

AAM FEollA CT1050 ol &40 2J$t PODY ROSEHY
O*Iﬂaﬂ% TESH A3} Fig 30ll4{Ad, POD AMeldolAe sk
OEHOE ROSS Yol #AS] IHEE FEE B 50
wg/ s ol A Ast AR ENE BH =), B4 14424
%ol vl CT1057} wais& AT oF 92+14 %, CT1058)
10, 25, 50, 100 pg/mé POD AB|ZollAl= ZtZ) 84415 %, 61£15
%, 52+1.3 %, 38+1.8 %2 LIERNSA =T, Ol 50 pg/meol2t 5%
ofl4] ROS 2l A Gal7} P<0.059] Hel oA /el A
LERGTHFig. 3).

r>-

10 25 50 100
POD (z/ml)

R
RO

Fig. 2. Inhibitory effect of apoptotic ratio by POD. Apoptotic ratio of
CT105 expressing SK-N-SH cells were observed by ELISA reader and
phase-contrast microscopy in medium, induced by CT105 expression. Similar
results were found n at least three separate experiments. Statistically significant
value compared with CT105 control group data by t-test(*p<0.05).

NOR CT105 10_ 25 _

50 100
POD (& /ml)

Fig. 3. ROS measurement of SK-N-SH cells in medium containing
various concentration of POD after 12hr. incubation. Control was
cultured in medium without POD. Cell viability was guantified by MTS assay and
MTT assay. Statistically significant value compared with CT105 control group data
by t-test (*p<0.05).
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BE CIE2 2R 20] CTI050]) 95t A1 ZAZ HiEoll nXE g

&l dAlEe dge A 50 ug/msEolgold ek AA

T B9lom, F49) 52+1.0 unitoll HIF CT1050] W
= THEFE OF 24243 unit, CT105%} 10, 25, 50, 100 zg/mé POD
Rl FollATE 242} 19142, 18145, 135+2, 11243 unitZ LFERHRL

T Ol= 50 pg/mlold SEolA 7od A ROS ¥HY olx g
THE LIERARITE

NOR CT105 10 25 50 100
POD (#/ml)

Fig. 4. Anti-oxidative effect of SK-N-SH cells in medium containing
various concentration of POD after 12hr. incubation. Control was
cultured 1in medium without POD Cell viability was quantified by MTS assay.
Stanstically significant value compared with CT105 control group data by t-test
(*p<0.05).

4. AAXNZTO NOMATo] b|x]= Q&

UUIHOFZ NOMAS iNOSol 93l |E®ch POD7L
CT10523 A B EF)AQ) NONA S drlgh=A] ZAlBINE
o], Fig. 501414 HaolAls 4.0+1.82 tMolLOn CT1058
UHBHE HETOIME OF 91.2¢0.9 UMOIH) ¥ks) PODAEIA]
10, 25, 50, 100 pg/mlsTollAl Ztzh QF 771428, 583114,
46.2+1.6, 33.3:25 pMA L9t ol AWE & uf NOQ| M4 &
FEoHe INOSS] WElol T POD7} ARSI B5] 50ug/meol 4}
BT0I4] P<0.059) WYl ol RSd U7 NO 44 AmEn
7} LIERATE

NOR CT105 10 25 50 100

POD (®/m))

Fig. 5. Inhibitory effect of NO formation on SK-N-SH cells in medium
containing various concentration of POD after 12hr. incubation.

Contro- was cuitured 1 med.um wihout POD. NO formation was quantified by
ELISA reader. Statisticaliy significant value compared with GT105 control group

data by ttest ("p<0.05)

5. POD9] ghitslg it
PODO} A4 M| Z oA CT105Q] £=4to]l 9|6t free radicaldhiy
AHENE B

o
o
[¢°]
-
o8]
o
£
(=
i3
D
n )
O,
el
X
Ol

4 | AAEE dEe Bl sR7HE
7V oxrle Adgo] BT 50ug/ml STOlA0A]
¢t R ETE ERCr RS 20:1.5%H v 10, 25,
50, 100 pg/mé POD AglFolMe 442 22+15%, 35+2.5%,
49+2.3%, 72+2.4% 2 ERA=H], 015 POD 50pg/mio] 4t 55
ol A= P<0.05 H] oAl F4 QUA free radical 440

HEIACHFig. 6).

CT105 10 25 50 100
POD (g/mi)

Fig. 6. Inhibitory effect of free radical by various concentration of

POD. Control was cultured in medium without POD. free radical formation was

quantified by ELISA READER. Statistically significant value compared with control
group data by t-test ("p<0.05).

6. Neurite outgrowth £7}0l| n|x|= F&t

Fig. 10)AAY FyzolM9 AF 87 2 weso] 84
o] QUOLE (Fig. 1), CT1059) ol Aak AHEE7I7T £4E
e E2 gao] o = YR UERALL RL2H, POD 10, 25,
50, 100 pg/meS SE2 SI7WIA AelAl AEE717F 2 A2k
o] Algt=t ol&] ZAMolA] neurite outgrowth lengthE 9]
WO T BAlslal FAFSH AT Fig. 7004RE HERS 71ES
Z 071+055 SR} HartE 4.95:0.50] 1 PODE] 51 10, 25,
50, 100 pg/mO.= B7IGHH @48 247} oF 143425 161415
2.25+15 3.454250] $X18 HA =0, 5] POD 50ug/mold}t &
LEolAE P<0.05 HAWolAM FAM UA AAETIY 4Ho] &
71 R Fig. 7).

80| UERIAl &S ERIBINrE G488 s R ToA]
Lineweaver-Burk plot@Z2E] Km gt 0.0060]1 Vmax #2
67852 EI5lod A0l PODY] AChEQ] &4 M- & &5
Sl 232 44415 %, 5125 %, 64.5+05 % 76125 %,
755205 %9 AhE LIt ol AChE 54 S 53] HHE8ld
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15 x 100 pg/mle] FEO]LolA]
P<0.05 29 oA Fo4o] ATt

0

st

e LI 1

RETENR 1 T[TV
VA i
T 4

100

NOR CT105 10 25 50
POD (u#g/ml)

Fig 7. POD induces neurite outgrowth. CT105 expressed SK-N-SH cells
were cultured for 5 hours in the presence of the NGF (50ng) and POD. Neurite
outgrowth was wisualized by phase-contrast microscope. All resulis are the
Means£S.D from 200 determination cells, Those values significantly different from
control are indicated (p<0.05, students two-tailed t test)

15 2 5 10
POD(x100 ®w®/ml)
Fig 8. Inhibiton of human Acetycholinesterase activity by POD.

Conceniration of POD to inhibit human AchE activity by 50%. All results are the
Means+S.D from five experimental valugs. Those values significantly different from

controt are indicated (p<0.05, students two-tailed t test)

7o#
Xupgh Alo] iBASH AeollAl HRIEQ! QIX) 7159 AoiE
VERRE JEOF BE v e A8y HZgl o) Wi
o 7], A}, A, olal, AR 8, 9lo), Tt 5 therg) @
QR B0l Foizt Uehhe EE20EY @mEgmold Hiie
Btk B0 (BERE - MER) mEEAM NSoE ‘mRE
2EE] YoM, FHt B Aol FErEEEA Hsks HiR
o] ez PAKSH =08 UM J1SEIAI, BN, I, B,
B4 50| 0] SAISH oIt olgid AmiE Y BTH:
#roll Qe YEBlOIHE XH(AD)Q} fEE SOF HEE Ay
mE FiF 2211 WE7} BER BA® mivt A=, ol &
A AARCE 7hE B 8|88 ARG Rol ADolt 7

ADE fulole QIS E = AP, estrogen, apolipoprotein

al
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E(Apo E), presenilin, Oxidants (hydrogen peroxide, superoxide,
hydroxyl radicals), 85, Al1ol Qg &4, AAXRLEE, 41F
eI 59 B2 FERIADE Bojdhs ALE dvid JeH
WM ol & AR AMOT W7)E FHAME (neuritic plaques)]

NAELOT AAMEY T37} Lok A3} B IS

(Tau) THEES H&ol| 9t 414 A4HFEFA (neurofibrillary
tangles, NFTs)Q] -8 02 AZAEHo] 47| Aol hEE0|E

2% NFTs$} neuritic plaquesi= AD9] A EE QA% 2,
NFTs&} neuritic plaquest= &4}t Holl = £xi5H Ljo]7} BrolR
o Wk 1 =7t 715 ADY] 22 X9 7195 QX E e
o= B9l 4gs] Ro| E7ole] AAAEE WalstA= L B

WZRIAT HE) THE NEHBEEES ohdle 2R IeiX
Jri®. ol ulgh acetylcholine, serotonin, noradrenaline,
dopamine, glutamate, substance P £9} & AARLEZ0] 3
Al ZA48HA 3, o] F acetylcholine®] AEL 712 £33 &

Aol O1AE JFAT = Aol ARG F XE=HY sht
7 go] 2P, Neuritic plaques= -Q!9Hsenile plaque) H=
oy Zo|=HHamyloid plaque)Ol2t L &l mhalg HXE719}
MEZIE0] HEl BolelZt ABE EEI BE SHIL UL T

s

(ghal cell)2} 840] A Bl Neuritic plaques.,] 2=

|
1

l 5104 ”ﬂu)
AZol= %1—‘?—7} A4 AB7L Ele= APPE HUH2E F
MY AME THE pathwayol] 9o A== a-secretaseof|
OJ81A] AP domain 91Z0] XM amino terminalo] AE HIO
Z Enj¥ct oA ZedxA] BEHlE sAPP(secreted form of
APP)y= MIZEW cyclic GMP levelg E7IK1A A ZAZo) Ho%t
£0] 9120] ULy, sk alternative processing pathway
oAl HA] OFEIA] YA QUA B-secretase Soll Qo Ap
9] N terminal |7} 221K AP sequence FAE Z&lel= T}
okst F1719](14-22KD) Cet thalElo] Al Z2 o] anchorE o] we=rt
%39 o] Cot chRE] &= AB= AR A sequenceZ 7HA I RS
™ v-secretaseo]] QJal ZAA ARE FMol= HOZ AZrEC)
SHAIEE o] 43t Zo] in vitroolA] ABY =52 5ES

Toa oo

o, &

[ x=%
S iy

= ur
W

2 BAEOl USIT ETSHL, ABZE E4E UERNZ] HaliA
= 20uMojdte] TxsTrl ER3kT g8 dFoile ApY A1A

248 ASSHU AL AEW™, S5 in vivo AgolA]

= AR Sdol thal Yeiss 3t BEG) B AL o, dAl
ADS gldHof o] thilZlo] ofid ekg gt AolX] B3hdsh 418

ojt. wlgbk] 41A| pathogenesisofi= CHE QIXFE, 11 SollkL
APPO] T}E E7kfAKIEO] #E 7tsHo] Ania & 4
t}. I QAL BolM L E3] ABS A tiAFEAE MR 1 )
C“r} il Ao thdlo] #o] FORR| AL Sim_ 4, 4 01 ey
HHOW]iLHA‘OQ} HHOho“‘uOﬂ/\‘] 1G] Ea’

o] D}H”X"_ in v1tr00ﬂ/e]
amyloid®} FAISH aggregates g4

Ee l

ol transfectlon/\lii% i
g 5 o AHE



HE t1222HERRgo] CTI060] 98t 4B A 2 HEo vixls Jg

9 MEZF0o| transfection A]L S A X =4
| ol& gl Ct TiB R 9] transfectionA] OE‘
NZAM | BolsiAl dofdrts Bzt
o] E0]2 21 Yui. L) 012 A CoF il Zlol) transfectd
HEE 488 B9 Xof olXlolie W AP Ego] Yo
B g2 U in vivool T Ct phi—o] 4]
@%’8% Lo 7ksdo] BSE YEoINrt =9l Neve 8}
A} groupoll A1 transgenic mouseE THE] Ctt A & brain
ol ek waAFEE", sin 2ol AHAE ggo]
Uz olx)7sg d&ol ShiEo] B o] CY phizlo] 1}
TolA welsH QAN Folg FEe A AAVIsE &
HAE Aolgks 7HdeE RUHESHL UTth
IESE CT105% Calcium homeostasisol] &

o r

c

o

)

s

pn)

R

éa
>~ Jlm L

o]

olggeks mlxlE
tl, Rat brain microsomedijAls Mg?-Ca® ATPaseo] 93l
SK-N-SH cellojAl= Na'-Ca®™ exchanger activityoll <JH
calcium uptakeE HA SO E calcium homeostasisE E4FA]7]
A9k, ApE =X Prhal slod™ 71EQ ABRCE T Zud B
HE 2 ol Eo|E Ct il Zo] ADS] HOIEZAZEA 53¢
1S & Rolgks 7HEE ARSI
b g A 2ol & B9 CoF pii A Eojofl Qg Q1K1

LA 1%t o1 2
L EVe

JR

) ml ;

ry o
e mo{v

m)~

12 PDH (Pyruvate dehydrogenase)2] €
Wl%% u BHAABEE 71918 Aol sl
WAES] Y OF caspase-12 S9 HELS
‘E" |5l 2= FHY AFMEY g 7t
ol5led CT1059F ADQ] THEE T2 EgaF1
JE)1 CT1059} ADS] BedMo] Qzsle o] E22
OXM 5% #5228, 3 Y 48z Uy £
2 0|83k pCT105 3hakd SK-N-SH M| ZF0j4]19] BHx]
T TFESIACE olof ol dEolMe AX 9 tIERE)
22g 7L A gHE IEHEUTH
T BERN(Polygalaceae)oll &0t HFEA EAQL HERS
Bl 15@ S AOEAM T g 2 0 - o1 Mk EH
i E*® Mor HEEol UL, Bl talilE MEAERS £
B 7 @mARE, REH% HERH KR, mEE5B
LT DER BELL, REAEHE A 21 Urh
wEe "R ATEE X YA EA] EE7F TNF-a 8 2
TNF-a mRNAZ] 2181 ARzh= 397}, & Saponino| 0]
LENS ZZRNAAMETIY, T2 EES BIER #
F BT #HFolA KR 7HE) HEESH REACE REd
% o™ Bash bl Uk
oAl BENAEA deol] tiEshes EBRY tEEEHEE
2l(olst POD)Y] XM ANE TTHII7IGK pCT105 Heksd
SK-N-SH MlZFo|A} MZAL FE GA G0l thst Helshael
W3, AAXNES ROS gHl, NO MAE, free radical 484, OFAl
gETlo 2Bz EEA 52 24 dike vhed 2ot
AAAZY HBEQ! SI4O R BAPPY Cuitt thildl HE|
Z0l CT105 grsdoll ok AAMES] MZARE ERI5H| il &
sl F ol Hadt 43, CT1058] WHOZ QIsH JIAAMZ

o o
Q% 10
(0]

]

i =
llo 6%, 11>*
_l%! lo o

NE o

oh
)

e
>
inm mo g

2
Ay}

),

MEZARE HaTtoll nls] Fegd eg & HE Uehidel,
M ZALR TEE apoptotlc body”} E38LL MNHEIT AL
AEE oRte BTt ST POD AT 25 wg/mb Ol14s
TollAl AZO MEST A EAN 3, AEE79 A0 Hlok
B BEFAL, 100 pg/ml BSTAAE AFHE MEGO]
=A VENTE Aol ABE719 AFo] FEEACHFig. 1).

AAMEY MEAL PODol 95 Fnht QA=A M EAL
o &g RARR A, AZMZEL ASHC] HULE pAPPS C
2t TR FE| =01 CT105 o) Qg AIAAMEY A EAL H
22 A 53425 %o HI) OF 92.1+2.0 %2 =4 LJERL Ut
™, CT105%} 10, 25, 50, 100 xg/mé POD X2 ojAds 242t of
811425 %, 572435 %, 51.25225 %, 36.2+2.6 %2 UEtL &
3} IC502 ©F 53 pg/mlBEHCE wieha AAMES] MEZAY
PODoll &Jall 50 pg/meold} STl FAd UA AU
(Fig. 2). 2B EA PODY ROS Wl oA gals Bas 23
Fig 3041 %%, POD HMzlFolAs =5 JEHOE ROSY w4
o] X5 AxlEE AT HHIL 50 pg/ml SOl Aot
A ETNE HYEe], Fakte) 14124 %0 v15) CT1057} WA=
= 222 oF 92414 %, CT1059) 10, 25, 50, 100 zg/mé POD
Aol A 2+2F 84415 %, 6121.5 %, 52+1.3 %, 38+1.8 % & L}
ERCE. ol 50 pg/meoldt sTolal ROS Y x| Ert
P<0.059] W& oA} FalHo] URACHFig. 3). Hok A1AAM 29
PODY] sl tE ZA3% A1, Fig 4041 A8 POD RElEol
A 5L JEXM O ROSS Whjo] A5 drHE e BN
= 50 pg/ml SLOIYoIA gt AAIEHE B er, 479
52+1.0 unito]l B]5| CT1067t WSl thETS OF 24243 unit,
CT1058} 10, 25, 50, 100 pg/m¢ PODXE|FoIAlE Z+2}h 19142,
18145, 13542, 112+3 unitZ LIERGTE 01 50 pg/meo]4d STl
A} FOEUA ROS 2Hl A 7t LIERGT

AWHOF NOMHEL iNOSofl 2l FEHEH POD7}
CTI052 e AFMZEFOIAY NOMHEE AXsteRol hal £
ARBIAET, Fig. SOIMAE Fywtolie 4.041.82 pMoliCwH
CTI052 w&5h= iR 2ol A= oF 91.2+40.9 MO 214, POD
KAl 10, 25, 50, 100 pg/mlETolAl 24zt oF 77.1£28,
58.3+14, 46.2+1.6, 33.3+25 WIME THT} o]H ZIE 2 m NO
ol MH g Rk iINOSY walol T POD7 SAI5HL E3] 50
g/ mol4} sLolAl P<0.05 He ulollA] {4 A NO 84
AR A7 VERITEL E 4= Th

CT1058] &=Alol] 2|3t free radical H‘-@,‘Q} PODY A&
£ #FEsSIIET, Fg 6dAAE, POD & QIMOE free
radical ¥Hjjo] X8| A== e E?i = 527t &1
FE AAEE dEgo] B7IERTE 50/ mﬂoEOl&ow YAl
AMENE EHOm taTe ZFF 20415 %4 vls] 10, 25,
50, 100 gg/mé POD Hz|TollAlE 22} 22+15 %, 35425 %,
49+2.3 %, 72+2.4 %2 LJERNY =] ol POD 50 ug/mio] &} &
TolAE P<0.05 W oAl §eli QA free radical A8 S
A ASE E 4 UrkFig. 6).

Fig. 1olA1838 FaTolAe AdErie & wgtlo] 81

i

%]

il

[.

- 513 -



o149l - BB - LENS - Z

o%"(

o} 8L}, CT1059] walall 9l AAET 7} &2 U2 d%
AAo) oF Bl AelE VERIIL 2w (Fig. 7), POD 10, 25, 50,
100 pe/miQ) ST& E7IA1A REIA] AEE7I17 & AEE o
Fiek=d) ol ZaollA] neurite outgrowth lengthE ¢19)9] #k
OF sl FAKSH Aik= Fig. 7olAMAE RS VIESE
0.71:052F BRI A2 4.95+0.50]11 PODY] =k 10, 25,
50, 100 pg/mICE FI15PH &8 217 oF 143425 161+15
2.25+1.5 3454259 A& B3, §3] POD 50 pg/mlo)d &
TollAE P<0.05 HY oA /A A AZBETS 48 F
71EIQTHFig. 7). Fig. 8ollAAE ohE ST AEEIRIY S A
SIEE &85l POD d1E =0lslr) f1sle] POD (1, 15, 2,
5,10) x 100 pg/ml9] sTollA E4F HHSAIZAEU AChE G4
<} PODE Qi7H0) HIE0IH Hhgo] LERIA] $E& ZBIAN
FASBHNTE ) ET0IA] Lineweaver-Burk plot® Z22E] Km 3t
0.0060] 3 Vmax Z+2 6.782 215l Aglael PODS] AChES]
24 ANATE SEolE 27 415 %, 51+25 %, 64.5:05
% 76225 %, 75.5+0.5 %9 ZLE LU= ol ACHE EH4E S
53] HIE5lo] 1.5 x 100 gg/mlo] SEoldolA G48E Aol
ol Tthgh P<0.05 H oAl FojHo] UTH

ol AE AT ZHo] POD7F CT105 W A Ao ZE
R ZFoNA AGMZEY MZA Kol thsh &g
Hol 2% B HEE FE8E 5 Rt d8 FEE AD ¥
ot ekt H Al Ay &8 W Aeks %
AlZ ¥

(ihJ
rit

CT105 W8l AZoZE AEFE 0|&T HEY HER
ZoeHREl9] x|l ot SUTH AIBMEY MEZAL FEO thet o
AEHNE H3] K5k dEer 23 tied 22 28
Tt PODo)| 213) FiE Ml RE CT105UE ol 98 A A
TE f94 AA AABINHCE(P<0.05) POD= CT10528 ol
S ROSEHY ST g 5% EHoE |AY UA MG
POD 50 pg/mlo|A] CT105F @13t A1ZAMZ9 NO 445x& &
914 A AdE ) (P<0.05) PODEEE] DPPHE| AMR7] 4
AZAt G948 UA S7BIHC(P<0.05) PODE  neurite
outgrowth®] Z0o] 712 |/IAY YA |EoKITH(P<0.05)
POD 1.5 x 100 pg/mlo) SEo]aloll4] AChEY] BXANEE &
OJEUA E7I5HACE(P<0.05)

b3 2 ZESE 2w, POD7L BAPPS] CT1054A 41
QoM EEY] N EAIE FHHCE dxlchs HCE Bot AW
Qolol whgh Hel, Helsks B4 o8 &A1 77}t o|FX]
I, fixR 59 tierst Al QUSEoE 85 7HsE A2

2 AlgEoZIrt

e
o 4o 2 I

e
Au)

Ol

1l

o] =E2 20024% AFrhstnlol Aol Ofoia &E

}

Q] .

40
i
>

o
[

NI

0159 9« Xnloll B SAYSHE Hlal AE. AE. thereh

QAT &13]%). 163 15. pp2-5, 11, 14. 1995,

CENE - RERE, b _LEMEREHIRE, pp.573-578,

1985.

3. BitsE - frESk MS, BEEE, pp.241-246, 1989.
4. £B5R  EAME FRA IS R BE, AME, KEEAR

10.

11

12.

13.

14.

15.

16.

17.

- 514 -

BlEEEzE, 13(2): 57-68, 1992.

. BYE, ZAEEE - ol MO SUBRY BE, ME, WREEHE

Bl EREEE, 7(1):77-94, 1996.

- BB A ol HE STREY B, AME, REETHERTIR

B@sE, 7(1): 77-94, 19%.

289 9 - fx Belol e § - NASE 18, 18, 5

o838 X], 13(1):36-45, 1999.

. FREK OE 0 ICD10 A B A5 2R/, Ae —HE,

pp.63-66, 1994.

ZAE, B EAFAYE,
pp-256-271, 327-330, 663-664, 1992.
Reznik-Wolf H., Machado J., Haroutuian V., DeMacro L.,
Walter G. F., Goldman B., Davidson M., Johnston J. A,
Lannfelt L., Dani S. U., Friedman E. : Somatic mutation

Ag, SjolaEAl,

analysis of the APP and Presenilin 1 and 2 genes in
Alzheimer’s disease brain, ] Neurogenet, 12(1):55-65, 1998.
Alzheimer’s disease collaborative group : The structure of
the presenilin 1 (SI82) gene and identification of six novel
mutation AD families, Nat Genet,
11(2):219-222, 1995.

Andrea Eggert, M. Lynn Crismon, Larry Ereshefsky :

Disease In

in early onset

Alzheimer’s Pharmacotherapy; a

pathophysiologic approach, Dipiro J. T. et al. Ed, New
York; Elservier Science Publishing Co., Inc. 1325-1344, 19%6.
Games D, Khan KM, Soriano FG, Keim PS, Davis DL,
Bryant K, Lieberburg I : Lack of Alzheimer pathology after
beta-amyloid protein injection in rat brain, Neurobiol
Aging, 13(5):569-576, 1992.

Podlisny MB, Stephenson DT, Frosch MP, Tolan DR,
Lieberburg I, Clemens JA, Selkoe DJ : Microinjection of
synthetic amyloid beta-protein in monkey cerebral cortex
fails to produce acute neurotoxicity, Am ] Pathol,
142(1):17-24, 1993.

Clemens JA, Stephenson DT Implants containing
beta-amyloid protein are not neurotoxic to young and old
rat brain, Neurobiol Aging, 13(5):581-586, 1992.

HAME : o Zo|Z Coh DA Fololl o5k YA QlX|
7153 thx o 9 sinte] ohME SR H sl ek A7,
ASTY THBIRL, BEOI=F (A A}), 2001.

53 : ofURo|E Ch thiZol o8 A2 g



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

EE IEEZEMEREE]0] CT1050] 9JfF U FME EEol X

3} BEHHZ0] B AHATHAT S0 Thal

o
./
i
i

Kim HS, Park CH, Suh YH : C-terminal fragment of
amyloid precursor protein inhibits calcium uptake into rat
brain microsomes by Mg2+-Ca2+ ATPase, Neuroreport,
1,9(17):3875-9, 1998.

Kim HS, Park CH, Cha SH, Lee JH, Lee S, Kim Y, Rah ]JC,
Jeong S], Suh YH

Alzheimer’s APP destabilizes calcium homeostasis and

Carboxyl-terminal fragment of

renders neuronal cells vulnerable to excitotoxicity, FASEB
J, Aug;14(11):1508-17, 2000.
Seo J, Kim S, Kim H, Park CH, Jeong S, Lee J, Choi SH,
Chang K, Rah J, Koo J, Kim E, Suh : Effects of nicotine on
APP secretion and Abeta- or CT(105)-induced toxicity, Biol
Psychiatry, 1;49(3):240. 2001.
Suh YH, Kim HS, Lee JP, Park CH, Jeong SJ, Kim SS, Rah
JC, Seo JH, Kim S : Roles of A beta and carboxyl terminal
peptide fragments of amyloid precursor protein in
Alzheimer disease, ]. Neural Transm Suppl 58:65-82, 2000.
CIIE, Z8Y, B, R4 AN HFZ S8R E
HO| pCTI05E R E AZMEY AlZFol TS BRI &
I S9XT]He] k] Al 17(4):1037~1049. 2002.
Y, 443, OlE, S, Z¥Y, 7Y+ pCTIGE 7
8 AEEOM AFEE SFEH0] nixls g S
AB NS AL, 13(2):173~194. 2002.
SEEBRIArE AEEBM RS « A ME, AMKIL
pp-496-497, 523- 524, 1991.
PIFEEEL « AESGREE, Jum, NRETAEHIRL p252, 1982
A, 28, K84 EH A8 i ERMERERE %
N MRS HEE ws] Af BRoll RESH ¥R, AMle, W
BE A RTHRIE2EIEE, 10(1):95-108, 1999.
FNKGE « & Saponin® FIRBER U iRANE] fEFol RESH
H5E, PRETEERER REEG: MLEBf/3/1L, 1983.
Zhang HY, Tang XC, Huperzine B
inhibitor,
peroxide induced injury in PCI12 cells, Neuroscience
Letters, 292:41-44, 2000
Takao, T., F. Kitatani, N. Watanabe, A. Yagi and K. Sakata,

1994, A simple screening method for antioxidants and

A novel

acethylcholinesterase attenuates  hydrogen

isolation of several antioxidants produced by marine
bacteria from fish and shellfish, Biosci. Biotech. Biochem.,
58, 10:1780-1783.

Mann DM, Takeuchi A, Sato S, Cairns NJ, Lantos PL,
Rossor MN, Haltia M, Kalimo H, Iwatsubo T. : Cases of
Alzheimer's disease due to deletion of exon 9 of the
presenilin-1 gene show an unusual but characteristic
beta-amyloid pathology known as ’‘cotton wool plaques.
Neuropathol Appl Neurobiol. Jun;27(3):189-96, 2001.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

- 515 -

Ooi_

i
!

Olson JM, Goddard KA, Dudek DM. : The Amyloid
Precursor Protein Locus and Very-Late-Onset Alzheimer
Disease. Am ] Hum Genet. Aug 7, 2001.

Mattson MP, Chan SL, Camandola S : Presenilin mutations
and calcium signaling defects in the nervous and immune
systems. Bioessays. Aug;23(8):733-44, 2001.

Kametani F, Tanaka K, Usami M, Maruyama K, Mori H. :
Human wild presenilin-1 mimics the effect of the mutant
presenilin-1 on the processing of Alzheimer's amyloid
precursor protein in PCI2D cells. J Neurol Sci. Jul
15;188(1-2):27-31, 2001.

Hung A. Y., Haass C,, Nitsch R. M., Qiu W. Q,, Citron M.,
Wurtman R. J., Growdan J. H., Selkoe D. J. : Activation of
protein kinase C inhibits cellular production of the amyloid
beta-protein, ] Biol Chem, 268(31):22959-22962, 1993.
Gomez-Isla T., Price J. L., McKeel D. W,, Jr, Growdon J. H.,
Hyman B. T. : Profound loss of layer II entorhinal cortex
neurons occurs in very mild Alzheimer's disease, ]
Neurosci, 16(14):4491-4500, 1996.

Checler F :
protein and its regulation in Alzheimer's disease, J.
Neurochem 65(4):1431-1444, 1995.

Barger SW, Fiscus RR, Ruth P, Hofmann F, Mattson MP :

Role of cyclic GMP in the regulation of neuronal calcium

Processing of the beta-amyloid precursor

and survival by secreted forms of beta-amyloid precursor,
J. Neurochem, 64(5):2087-2096, 1995.

Shoji M, Glode TE, Ghiso J, Cheung TT, Estus S, Shaffer
LM, Cai XD, McKay DM, Tintner R, Frangione B, et al. :
Production of the Alzheimer amyloid beta protein by
normal proteolytic processing. Science, 2;258(5079):126-129,
1992.

Tamaoka A, Kalaria RN, Lieberburg I, Selkoe DJ
Identification of a stable fragment of the Alzheimer amyloid
precursor containing the beta-protein in brain microvessels,
Proc Natl Acad Sci USA, 15;89(4):1345-1349, 1992.

Haass C, Schlossmacher MG, Hung AY, Vigo-Pelfrey C,
Mellon A, Ostaszewski BL, Lieberburg I, Koo EH, Schenk
D, Teplow DB, et al. : Amyloid beta-peptides is produced
by cultured cells during normal metabolism, Nature,
24;359(6393):322-325, 1992.
Matsmoto A and Matsumoto R : Familial Alzheimer’s
disease cells abnormal abnormally accumulate beta-amyloid
harbouring peptides preferentially in cytosol but not in
extracelluar fluid, Eur ] Biochem 225:1055-1062, 1997.
Iverfeldt K, Walaas SI, Greengard P : Altered processing of
Alzheimer amyloid precursor protein in response to
Proc Natl Acad Sci USA,

neuronal degeneration,

1,90(9):4146-4150, 1993.



43.

45.

46.

47.

o1y - YYT - ek - B

Selkoe DJ, Podlisny MB, Joachim CL, Vickers EA, Lee g,
Fritz LC, Oltersdorf T : Beta-amyloid precursor protein of
110-to  135-kilodalton
membrane-associated proteins in neural and nonneural
tissues, Proc Natl Acad Sci USA, 85(19):7341-7345, 1988.

Alzheimer disease occurs as

. Dyrks T, Weidemann A, Multhaup G, Salbaum M,

Lemaire HG, Kang ] Muller-Hill B, Masters CL, Beyreuther
K : Identification,
biogenesis of the amyloid A4 precursor of Alzheimer’s
disease, EMBO J, 7(4):949-957, 1988.

Maruyama K, Terakado K, Usami M, Yoshikawa K :
COs
overexpressing part of the Alzheimer amyloid precursor,
Nature, 11;347(6293):566-569, 1990.

Yankner BA, Dawes LR, Fisher S, Villa-Komaroff L,
Oster-Granite ML, Neve RL : Neurotoxicity of a fragment

transmembrane orientation and

Formation of amyloid-like fibrils in cells

of the amyloid precursor associated with Alzheimer’s
disease, Science, 281245(4916):417-420, 1989.

Fukuchi K, Kamino K, Deeb S5, Smith AC, Dang T, Martin
GM : Overexpression of amyloid precursor protein alters
its normal processing and is associated with neurotoxicity,
Biochem Biophys Res Commun, 15;182(1):165-173, 1992.

- 516 -

48.

49.

50.

51.

52.
53.

L=y A
B4

Sopher BL, Fukuchi K, Smith AC, Leppig KA, Furlong CE,
Martin GM

expression of a carboxyl- terminal derivative of the

Cytotoxicity mediated by conditional
beta-amyloid precursor protein, Brain Res Mol Brain Res,
26(1-2):207-217, 1994.

Kammesheidt A, Boyce FM, Spanoyannis AF, Cummings
BJ, Ortegon M, Cotman C, Vaught JL, Neve RL
Deposition of beta/A4 immunoreactivity and neuronal
pathology in  transgenic  mice. expressing the
carboxyl-terminal fragment of the Alzheimer amyloid
precursor in the brain, Proc Natl Acad Sci USA.
15;89(22):10857-10861, 1992.

Lacey-Casem ML, Oster-Granite ML : The neuropathology
of the trisomy 16 mouse, Crit Rev Neurobiol, 8(4):293-322,
1994.

Kim HS, CH Park, and YH Suh : C-terminal fragment of
amyloid precursor protein inhibits calcium uptake into rat
brain microsomes by Mg2+-Ca2+ ATPase, Neuroreport
9(17):3875-3879, 1998.

R . REERATEE, A, KWL, pp370-371, 19%.
TR BEY TWERC o EEN #re IR As,
KEEAREEERE, 12(1): 1-6, 1997



