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Effects of Morinda officinalis (MDOF) on Inhibition of Impairment of Learning

and Memory, and Acetylcholinesterase in Amnesia Mice

Hyunsoo Kim, Inchul Jung, Sangryong Lee

Department of Oriental Neuropsychiatry, College of Oriental Medicine, Daejeon University, Daejeon, Korea

Alzheimer’'s disease(AD) is progressive neurodegenerative disease, which is pathologically
characterized by neuritic plaques and neurofibrillary tangles associated with the
acetylcholinesterase, apolipoprotein E and butylcholinesterase, and by mutations in the

presenilin genes PS1 and PS2, and amyloid precursor proteins (APP) overexpression.

The present research is to examine the inhibition effect of MDOF on PS-1, PS-2 and

APP overexpression by detected to Western blotting. To verify the Effects of MDOF on
cognitive deficits further, we tested it on the scopolamine-induced amnesia model of the
mice using the Morris water maze tests, and there was ameliorative effects of memory
impairment as a protection to scopolamine. MDOF only partially blocked the increase in

blood serum level of acetylcholinesterase and Uric acid induced by scopolamine, whereas
blood glucose level was shown to attenuate the amnesia induced by scopolamine and

inreased extracellular serum level compared with only scopolamine injection.

In conclusion, studies of MDOF that has been know as anti-choline and inhibition

ablilities of APP overexpression, this could also be used further as a important research
data for a preventive and promising symptomatic treatment for Alzheimer's disease.

Key Word :@ Alzheimer's disease, Morinda officinalis (MDOF).
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I. # &

E& X (MORIDAE OFFICINALIS RADIX)&
mage 2 BHMEFAMYH ; Rubiaceae)d &
3 a4 BEXREWMY  EB&8X  Morinda
officinalis How.2] %28 A2 Aoz ALd
Bol #fisld KRB S BRES L st LY
1=

EEKS) FwmaEel et GMpAwg) ¥
dME “EFARBE BEITE BUHF X5l #
PEEARST AL, (BEAK YAME
“SREWBEA NERERDESE TR #ARY &
W#ole stglen, (AHEME) YIME “KBHE
ZEAKL mmE Stn pkstn o

A E BHEXS @l FAA: WBE
2 oEsn Jow W, HEE, BRRse
MhEol ol MEEN, BESTE, VAR, PME
A%, RESE BREAE 5 wRaga” sqd
BiF e 9% fERl EHE & AL ¢
F Ao}

fRE I FR 93t ZEhHe vEd
Ratee ETFE JeEule —Me ERNCe
2, ¢=3tolnHl(Alzheimer's disease; AD), I
HHEF R (vascular dementia; VD), &8 HR,
thtt KR 59 FMel glon, £ yete
7394, AD7} 615%, VD7) 12.8%, B &H ]l 9%9
EZ FEd0°

e fERe HTEL, EREE BT,
BETE, TRTR, BXEK ZRER, maR
E® zoln wpiozv: MKEE, EmITR %
WY, ERAT Sl F2 AeHm AP K
He F2 ek, Kk, B, CEE, LEFFKL K
BTRE S0z 8 4 Ao,

AD9 FHEAALE= PS RABREZ Q8 FIEH
ez 5fRe PS fU#%e] Amyloid Precursor
Protein(APP)9}] HH& {3t ADE do7l&
Aoln® ADS 14 fEMRS HESH BBRRS
234 R FES BFE de B8
S fRsn AP

RiTel BEEdgAY) HRAHARE ¥R
APPS} PS T #% BEC HE Hr'

#Zibol HERe E(E FRsE HiRLrER
wa WP paRd EEd THe gy
Morris water maze'*'”9} Radial arm maze'™'”
o] T oo HEE T W, EHol HIRN
Rl uxE il WY H'O o)
Ao} Hokzmi EE Kol MRED 4B
@y #po] BT B #3hA Z3Ao

olo] EEZE E#Ke AFHE YotrnA,
mLFC$}t PC-12 cell& ##ste] wma#tts Wl
E3l®, AChE, NOsIiel H#azx 2@ #
AChES] 84, APP, PS-1, PS-29] #Hi& iz
slgen scopolamineg FAHE EIRAA AChE
o ¥4 2 glucose, uric acid® WEIHAL,
Videotrack(animal and human being behaviour
analysis system)g £33 1789 L& B
BRHED RS A7) #Ese viooh

I ##8 %5 E

1. ¥H

1) 8%

350~400g 30i8#% Sprague Dawley(SD)# HE
HARE dILAIATE AN fiadol FAIEL
93, 30g 68E<S International Cancer
Research(ICR)% A% 9} 20g 4:8@:e] BALB/cE
BELEHRATNA  ftiadel FEASRAT. B
& EHE BEEGRE 22:2C, HEEBE 50:£10%,
BEEERY  120R(07:00~19:00), BE 150~300
Lux)ol 2B EEANA BESL/E —Esn
fBES BHyHe EHStd el £AAT
ke ERARCEERAE 221% o4, HIiEW
8.0% o]3}, Ml 50% ol3l, MKF 80% ol
&, gF 06% °1%, A 04% o], &% Co.)
g, AKkE BRAKE AF2o] BEA FR.

2)

B grEgo] Al8-% BE#K(Morinda officinalis,
MDOF)& KHAHEE HB®RHFHREAN BAS
¥ wEsq s
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3) WK W

EHX 200ge 7Rl Aol 3,000m round
flaskol ¥ KK 2000mLE GmstA k. 3R
W hhtista ROHKE FIRStY nEmS 36
WHE F, o] WBWKE rotary vaccum
evaporator(Biichi 461, Switzerland)ol A WHEE &
fEstA Tt o] BMHEHWE -84 deep freezer(Sanyo
Co., Japan)oll A 4RFRT Bt WS 24E%K %
¢t freeze dryer(Eyela Co., Japan)® HiE#ig3}
o 10g9 MAS Aol HEgol LES EEe
SHAEKA Wt st

4) Ag 2 s

A% F Cholinesterase kit, scopolamine,
Tris-HCl, NaCl, Nonidet P-40, Ethyleneglycol-bis
(B-aminoethy! ether) NNN’N'-tetraacetic acid
(BGTA), phenylmethylsulfonyl fluoride (PMSF),
p.—dithiothreitol (DTD), leupetin, Diethyl
pyrocarbonate (DEPC), chloroform, RPMI-1640 %}
%<, isopropanol, ethidium bromide (EtBr),
Dulbecco’s phosphate buffered saline (D-PBS),
formaldehyde, polyacrylamide, magnesium chloride
(MgClh)2  SigmarHUS.A.)  AEL, Taq
polymerase®} Deoxynucleotide triphosphate (dNTP)
¥ TaKaRa*KJapan) AI1¥E, Moloey Murine
Leukemia Virus Reverse Transcriptase(M-MLV
RT)¢} RNase inhibitors Promega*HUS.A.) A=
€, RNAzol’t Tel-Test’HUS.A) AEE, fetal
bovine serum(FBS)<2 HycloneAHU.S.A)) AEL, 1
2|1 Agaroset FMCAHUS.A) A1EE AL&3Hy 3,
anti-human APP N-terminal antibody (Boehringer
Mannheim, Canada),
(Oncogen, US.A), anti-human Presenilin-2
(Oncogen U.S.A), anti-mouse Ig HRP-conjugated
sceondary Ab (Amersham, U.S.A.)¢} ECL-Hybond
film (Amersham, US.A)3 1 9] AldEe B3 2
UFE A3k

anti~-human  Presenilin-1

[l g LAEE7(rY 28t Korea),
spectrophotometer  (Shimadzu, Japan), serum

separator(%4] 2, Korea), Minos-ST(Cobas Co.,
France), centrifuge(Béckman Co., US.A), rotary
evaporator(Biichi 461,

vaccum Swissland),

Bio-freezer(Sanyo, Japan), deep freezer(Sanyo Co.,
Japan), freeze dryer(Eyela Co., Japan), autoclave
(Hirayama Co., Japan), ultrasonic cleaner(Branson
Ultrasonics Co., US.A), roller mixer(Gowon
Scientific Technology Co., Korea), vortex(¥v]#}3},
Korea), plate shaker (Lab-Line, US.A)), ELISA
Leader(molecular  devices, U.S.A.), Videotrack
(Viewpoint, France) & #/AsY

2. A&

1) PC-12 cellol i3 flfamie 24

(1) Mouth lung fibroblast cells(mLFC)%}
pheochromo- cytoma cell line(PC-12 cell)¢] ®j<k

mLFCE o83 o] e BALB/ A3
o] A4 H=AL D-PBSE 33 AH §F ze
zzZte g HAWstd conical tube(15mé)o] o
1,400 rpmo.2Z 587 QAEHS L, tubed
RPMI 1640 9 A& ¥3 37C, 5% CO: A9
F7lol A 2A17F F<k wigSAh ohAl 05%
trypsin-0.2% EDTAE 713 & 3087 A%
ulksldh. wig¥ ¥ D-PBS&(E) o ¢ 23
1500rpme 2 YA F RPMI 1640-10%
FBS wigdolA 15U F< algsdd. 174
% 05% trypsin-0.2% EDTAZ mLFCE 33
o] RPMI 1640-5% FBS ®l %ol 10°cells/mt ¥
=2 wZo] 96 wells plateo] ¥tk

PC-12(ATCC, CRL1721)2 rat¥ adrenal
pheochromocytoma® 37C, 5% CO; kgl i
2ol A Dulbecco’s modified Eagle’s
medium(DMEM)el  10% horse serum® 5%
serum, penicillin (100U/mé),
streptomycin  (100gzg/m¢) 2831  10pg/mée)
gentamycin®] &f¥ Wl gl wi gt

(2) fMiEd: &3

MmN Z39WHe SRB assayd®e 47t
Hygste dgel AMg3%h. mLFC® PC-12
cell& 20 x 1019 M2 96 wells plated] 1}
FaL 37T, 5% CO/dele] wjd7lo) A 222k u]
T F EHX FEEEFT 3% 400pg/me, 200
wg/ml, 100ug/mé, 50pg/ml, 10ug/mé, lpg/mb)S 72
A1t B¢ R AT WMEFTE Fol wgHdL

fetal bovine
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ez D-PBSZ 23 AF3YT. Z+ welldl
50% trichloroacetic acidE 504E 718tz 1A%
E¢ 4T wAsGY 2 F FHFE 538 A
Hg e well plateZ F71 FNA AzsA
SRB(0.4% SRB/1% acetic acid) £%4& 10044
/well2 7}8t A 2(room temperature)ol A 30%
7+ fAstg. 282 0.1% acetic acid SO 2
o 43 AEF OF TV FAA A=z 10
mM Tris Base® £8AFch ©| plateE plate
shakerold 35 speed® 5% shaking3ti
ELISA Leaderdl A 540mZ &3=& 2439

2) PC-12 cell®] APP, PS-1, PS-2, AChE &3

(1) AChE, NOsI mRNA 28 &3

® mRNA #2

PC-12 cell& 24 wells platec] 1 x 10° 4 X2
Z welld] #5331, BEX F2E(100pg/nt, 10
pe/mb) S Hsan 1At ¥ PMASH rIL-1B8
(100ng/me) & A alg F 24417 F< W dsiet.
WFEs F A2AL 5H4¥ F RNAzE ©)
£3lo PC-12 Alx9& E =8 mRNAE F&3
= ¥y g 939, F#&% mRNAT diethyl
pyrocarbonateE A&l ¥ 209 FHFN 9
RT-PCRel AM8-3t4dct.

® RT-PCR

& A AHreverse transcription) W& FHlE
total mRNA 3ug& 75TolA 58 B¢ WA
{denaturation)A} 71 3L, olo} 2544 10 mM dNTPs
mix, 1¢f random sequence hexanucleotides
(25pmole/2548), RNA inhibitor2# 14t RNase
inhibitor(20 U/ul), 1x¢ 100 mM DTT, 4548
5xRT buffer (250mM Tris-HC}, pH 8.3, 375mM
KCl, 15mM MgCl)& 713 F, 1u49] M-MLV
RT(200 U/)E Al 7t8tal DEPC A&d F/
FE ol g8t HAF Hust 20u7t HESF A
o}, o] 20pe) WwE ETFAL F A& H
2000rpmol A 57 94 AR 37C ¥
Zd A 608 T WS AlA first-strand cDNAE
$4E o, 95T 58 F¢ WA
M-MLV RTE 2843A ¥ $42 cDNAE
polymerase chain reaction(PCR)%} A8t}

® cDNA PCR

PCRe 24z w49 Primus 9% Legal
PCR systemg o439 £g3dch wge o
u §48 3u cDNAE FYo2 A3y, F
o & AChE, NOsO ¢
glyceraldehyde-3-phosphate dehydrogenase
(G3PDH)E % %3l7] 918l9 sense primer
(20pmole/pt)$} antisense primer(20pmole/ut)E
EgEY 1umE Jbsta, oAl 3w 25mM
dNTPs, 3u¢ 10xPCR buffer(100mM Tris-HC],
pH 83, 500mM KCl, 15mM MgCl), 181 0.18
w0 Taq. polymerase(5U/ut)E #7tg & HF
uy7t 30 HEE EAEFHFE VMEln
pre-denaturation (95C, 5%), denaturation(95T),
annealing(55°C, 1%&), elongation(72C, 1#)& 25
3] A 338 % post-elongationg 72TolA 38 &
ote] 2@ o2 & PCRE +¥34rt &4 PCR
productsE 2044 1.2% agarose gelol loading 3t
o 120V ZUA 2083 A7|9FE T8 &
A&

Ofligonucleotide sequence?) @7ide ohew} Ak

® rat AChE

sence oligonucleotide :

v 5 -TCTTTGCTCAGCGACTTA-3'

antisence oligonucleotide :

5'-GTCACAGGTCTGAGCATCT-3’

® rat NOsII

sence oligonucleotide
- 5'-TCCRAATCTggAACAgCCAgCTgg-3'

antisence oligonucleotide :

5'-gYTCCATgCAgACAgCCACATCCTC-3’
© rat G3PDH

sence oligonucleotide,

5'-ACCACAGTCCATGCCATCAC-3’

antisence oligonucleotide,

5'-TCCACCACCCTGTTGCTGTA-3' .

PCR productd) %2 Windows 1D main
program(AAB, US.A)E ol&dd Haug
(height, H)2. 2 ZA 3%}

primer

(2) AChE activity % % Western blot 4
O AxA 99d 25
PC-12 celldl B#X 328(100zg/m¢, 10ps/
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=)

n) 3 PMA, rIL-~1B& 24417 ¢ §A s
T AEA lysate® Ao} AChE B4 5Z 243
G, EEE FEE0100pg/m, 10xg/ml)™ PMA
A WFE ¥ 33 D-PBSE AEE A
MEA lysateE 20} Western blotol] A}&8}
At

MEA lysateE D7) A3l 509 lysis &
8 9{Tris-HC1 (200mM; pH 80), 200mM
NaCl, 0.5% (v/v) Nonidet P-40, 0.1mM EGTA,
ImM PMSF, 0.ImM DTT, 10xg/m¢ leupetin}&
T3 F oA 3080 vgstn 58 44
sl MEA lysate® 9ol Bradford g2
Yoz gwde kst

@ AChE activity &4

MEA lysateZ labelingdt ¥ sodium chloride
solution 0.2m¢¢} &3ttt} 2 tubedl 3.0m¢ water,
nitrophenol solution 2mé,

=
o2

Job afu

acetylcholine chloride
02m0E  HUBEIGdh 9A 58 %
acetylcholine chloride solution® #7}8tn A7+
433 7183} 25C water bathol A 30237 %
A7l ¥ ELISA Leader® 420molM 358 =3
sttt

@ APP, PS-1, PS-29] Western blot ¥4

M E lysate(50ug)E 12% SDS-PAGE gelol
A3 PDVF membraned] Ho]A|Ztl 2% BSA
2 2717t blocking® %, anti-human APP
N-terminal antibody, anti~-human presenilin-1,
283 anti-human presenilin-2-2 Z+zk &} &}
o 4T A overnightAl At} 121 anti-mouse
Ig HRP-conjugated sceondary Ab3} ®¥Fg A7)
% ECL-Hybond film2 & immunoblotting< 3}
o 48

solution

3) Scopolaminel. 2 F5% 719 ¥
2do gAEy

(1) 45 5o ¢ scopolamme FA}

304# SDA FR 5rtel & 1o 2 8ty ofF
g HeYg A gL gzd, tacnne(lOmg/kg):a:
Fog AR, EHEXKEO0ngke)E FA4%
AgFoz2 s 2z scopolamine(lmg/kg)E 7
Az 19 13 B FAsATH

e MR

(2) WBC, RBC, PLT] #1L &3

FEF 109 F SDA ERAA AH A
oz 10me] dA4g EYAT 2 h 2wl
£ CBC bottled] ¥o] #HE7, P74, 2
e FFE ADEHL, AL Foniod &
3to] Minos-STZ &# 34t

(3) Glucose, uric acid®] &3

AW glucose, uric acid?] & AFA5st
B2 7)(Ciba Coring., US.A)E A&l &F3}
At

(4) AChE activity %

AChE activity FAHE 93l test tubest
blank tube& labelingd}il, test tube®| sodium
chloride solution{(cat. no. 150-3) 0.2m¢%} serum
02m¢E ¥ 1 &3t Blank tube®} test tube
of  3.0m¢
No.420-2) 2m¢, acetylcholine chloride solution
02me g A7ISAY. o]F AtE AHEs] 7| F sl
25C water bathollA &3] 3087 wlFAIZ F
ELISA Leader2 420mmelA &F35& FAsgen
2 AFE v eR AA = Apank - Amest 2R
o8] AFMANA BHYEE ST

water, nitrophenol  solution(cat.

4) Scopolamine2.2 #%¥® AFHS Morris
water maze 43

(1) ICRA AF e wE g5 4 FE

ICRA A#HE 1793 Morris water maze°ﬂ
A 19 13 wRstggE AAEAT. Morris
water maze® 2 7Zo] 90cmel2 =°l7F 2k 30cm
9l £x2 £20] 28T FEES 243A= A+
, 1 groll AFL &R 5 e FAAe] 10em
A% 3 platforme AR Fxolth 19 13
5t A) 30% o]llo) poolol A platforme 2 &2
 AFE Adsqd. dd® ICRA AAE
1001218 & #2239 olF™ HAJ e o
Z T, tacrine(10mg/kg) S F4F Y=, B
K (2B0mg/kg)S FoFd dPTLoE FHIAL
A 1493 19 13] 48 T platformol] 2
2 VEEFAS AASATH

(2) Morris water maze &%

=
L
s

Ko

:¢r°
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Fa3 2 Fort Fa" ICRA AF
scopolamine(1mg/kg) & EZ4o g & 308
%o Morris water mazedl 43 & vigy ¥xn
Videotrack(animal and human being behaviour
analysis system)2.& #%& FAHdINn o 2
#& Videotrack softwareZ 243},

3. 84 &4

Ay A 9& A= meantstandard error®
71284tk 94 A5 Student’'s T-test &
A wy®g ol gttt

m. % &

1. mLFC® PC-12 celioll ofi st @Rt

mLFCe REEL uFTo] 100£32(%), 28+
o] 400pg/miol&toll A} 4 85146, 90+3.8, 9341,
9545, 98125, 98+4.2(%)2 YR} fMadtiel Y
ElbA] @tm, PC-12 celid) AEEL dixTol
100£22(%), AF9 400ug/mioldtolx 42}
82427, 87135, 91+2.1, 93+3.3, 97130, 99:39(%) &
velg difaRitte] JelhuA edskokFig. 1).

Viability (% of control)
2

40
——miFRs
20 4
- %~ PC-12 cels
[} -r T T T T T
Control 1 10 50 100 200 400

MDOF extract (#48/mé)

Fig. 1. Cytotoxicity of MDOF extract on mLFC and PC-12 cells.
Control : Non-treatment group.

MDOF : Group prefreated with various concentration{1ug/m?,
10pg/mt, S0ug/mé, 100ug/mt, 200ue/me, 400ue/m?) of MDOF extract
for 72hrs. '

2. PC-12 cellel APP, PS-1, PS-2, AChEoll
st g

1) AChE, NOsII mRNA®] 2§

AChE mRNA9 @de] glojd AL L
2HDZ JERN T Y2Ee 1BIHDEZ JYEYe
o whal, 22 100, 10py/mee) APEFL ZH7 39,
UHYZ JEFFTHFig. 2).

rIL-18+PMA+ MDOF (10048/mé)
rIL-13+PMA+ MDOF (1048/m¢)

100 bp DNA marker
Media
riL-18+PMA

AChE

G3PDH

Fig. 2. Inhibitory effects of MDOF exiract on AChE mRNA
expression in PC-12 cells cutures after treatment with PMA and
il-18.

Normal : Non-treatment group.

Control : Group pretreated with PMA and riL-1B(100ng/mé).
MDOF : Group preireated with various concentration(1Qug/m¢,
100x¢/m) of MDOF extract for 24hrs.

PC-12 cells were pretreated with various concentration of MDOF
extract in the presence or absence fL-18 and PMA(100ng/me) for
ghrsiL-18 & NOs!l mRNA) or 24hrs(AChE mRNA). Amplified
PCR products were electrophoresed on 1.2% agarose gel, and the
analysis(Ht) was used to 1D-density program. The other methods
for assay were performed as described in Materials and Methods

NOsIl mRNA¢] 2dd slojq Z4TL B(H)LE
Ueht d2#L 124H02 Jdebded v, 427 100,
10pg/mb] 2¥EE 47 37, 115H)E Yebdth(Fig. 3).
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riL-18+PMA+ MDOF (10048/m¢)
rIL-18+PMA+ MDOF (1048/m¢)

7l
@
x
A
®
E
<
b4
a
3
&
e
)
-

Media
rIL-1B+PMA

NOsll

G3PDH

Fig. 3. Inhibitory effects of MDOF exiract on NOsil mRNA
expression in PC-12 cells cultures after treatment with PMA and
rlL-18.

Normal : Non-treatment group.

Control : Group pretreated with PMA and riL-18(100ng/m?).
MDOF : Group pretreated with various concentration(10ug/m?,
100ue/m) of MDOF extract for 24hrs.

PC-12 cells were pretreated with various concentration of MDOF
extract in the presence or absence riL-18 and PMA(100ng/mé) for
6hrs(IL-18 & NOs Il mRNA) or 24trs(AChE mRNA). Amplified
PCR producis were electrophoresed on 1.2% agarose gel, and the
analysis(Ht) was used to 1D-density program. The other methods
for assay were performed as described in Materials and Methods.

2) AChE activity A

AArel AChE activitys 48+2.6(%), Zade
100£25(%), 100, 10ug/mis] AFFS  44+46(%),
47433(%) 2.2 JEVITHFig. 4).

Fig. 4. Inhibitory effect of MDOF extract on the AChE activity in
PMA and riL-18 stimulated PC-12 cells.

XYE ct9] BA| Fig4 74 EA| HHFig7E SY)

Normal : Non-freatment group.

Conirol = Group pretreated with PMA and rlL-18(100ng/mé).
MDOF : Group prefreated with various concentration(10xg/mf,
100g/mf) of MDOF extract for 24hrs.

« ¢ Statistically significant value compared with scopolamine control
group data by T test(* : p<0.05, = : p<0.01, +»p<0.001).

PC-12 cells were pretreated with various concentration of MDOF
extract in the presence or absence of rliL-1B(100ng/m¢} and
PMA(100ng/m¢) for 24hrs. The lysate were measured using AChE
diagnostic kits(Sigma). The other methods for assay were
performed as described in Materials and Methods.

3) APP 28

APPE #4Te Hl3] PMATHE &
Tl M dHAEA BHEHJL Y, AT
2WE&E £ F AHFig. 5.

Lane 1 : Normal
+  Lane3:PMA+MDOF

+  Lane2:PMA

+-PMA -

APP

Fig. 5. Suppression effects of MDOF on APP in PC-12 cell.
Lane 1 : non-treatment.

Lane 2 : PMA(100ng/m),

Lane 3 : PMA(100ng/m) + MDOF(100kg/md),

PC-12 cells were pretreated without or with MDOF(100.¢/mé)
extract in the presence or absence PMA(100ng/mé). APP
expression was measured by immune Western blot assay.

The increase in immunoreactivity of the APP-specific antibody in
the presence of PMA was inhibited by MDOF and internal control
Coomassia blue R250 staining.
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4) PS-1, PS-2 24

PS-13% PS-2& AT ®ldl PMARE ¥
A gzTodA FAEA THEHAU, H¥T
dAE Bdol 2RSS E 7 UH(Fig. 6).

Lane 1 : Normal
+ ‘Lane2:PMA
Lane 3 : PMA + MDOF

+

<— 30 kDa

<4— 98 kDs

Coomassia blue R180

Fig. 6. Suppression effects of MDOF on PS-1(Ab-1} and
PS-2(Ab-2) secretion in PC-12 cell.

Lane 1 : non-treatment.

Lane 2 : PMA{100ng/mf),

Lane 3 : PMA(100ng/mé) + MDOF(100ug/mt).

Representive Westem blot of PS-1 and PS-2 secretion released
in 12hrs. The increase in immunoreactivity of the PS-1-specific
antibody in the presence of PMA was inhibited by MDOF and
internal control Coomassia biue R250 siaining.

3. Scopolamine2 2 & 7|de zH
ARRYo Holof Cjot Y

1) WBC, RBC, PLTol mlx& 98

WBCE  AAHEo]  10.1:09(x10%mmi), o=Eo]
122+07(x10%mm), FHNZZ3 APYFL 13708,
11.3:05(x10%m)2  Yelstth. RBCE  AAEe]
8.3:0.3(x10%mm), ThERTo| 8.7+04(x10%mm), ¥4l
273 AEEL 27 85104, 85:0.2(x10Y/m) 2 1}
el PLTE AAEo] 752+33(x10%m), thzTel
8A7TL21(x10%/m), FAUNZTZFH AYTL 836146,
790131(x10%/mm) 2 VFEFStTHTable ).

M 142 A 15 2003 -

Table 1.
Effects of MDOF on the Blood Cells of
Scopolamine-induced Memory Deficit Rats.

Group Nomal  Control Tacrine MDOF
WBC

1014097 122+07  137:08 113205
(x106/mw)
RBC .

83t03 87:02  B85t04 8502
(x103/m) ‘
PL :
T 7524133 BATE27. 83646 790£31
(x103mr) :

? : Mean ¢ Standard error(N=5).

Normal : Non-{reafment' group.

Conirol : Group treated with scopolamine(ime/kg ip).

Tacrine : Group treated with scopolamine(1me/kg ip) and
tacrine(10mg/kg p.o).

MDOF : Group treated with scopolamine(1me/kg ip) and MDOF
extract{250me/ke p.o).

« : Statistically significant value compared with control data by T
test(* : p<0.0, ** : p<0.01, += : p<0.001}.

SD rals were orally administered of MDOF or Tacrine + HCI and
injected scopolamine(3mg/kg) once a day for 7 days. Hematology
change was analyzed for hematology change as described in
Material and Methods.

2) Glucose, uric acid, AChE activity°l v A+
3

Glucosex AATo] 95.8+4.4(mg/dl), HWET0]
85.3:3.1(mg/d0) 2 Vel n FHd=Fit 497
< Z+zh 120241, 1110:t3.6(mg/d(',)_9.i Ve

2R F94 e AeE RAFAC

Uric acid& 7é’b’i‘°] 1.77+0.13(mg/de), A2
o] 251+0.07(mg/d0) 2 Yt FANZTZIH A
& 1.92+0.11, 2.0220.05(mg/dO) 2 #-A A&
#2E JeElyoh

AChE activitys A4dFe] 13.6£25(U/me), i
Z30) 482+4.7(U/m)2 YJEIR L FANZTEH
AgTe 47 193159, 32.0t4.1(U/ml)E e}

o4 e #FA2E HAFEA(Table O).
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de II.
scts of MDOF on the Serum Level of
mory Deficit Rats induced by Scopolamine

‘oup Normal Control Tacrine MDOF
icose "

) 958+4.4 853131 1202t4.10«  111036m+
: acid

Jdt) 1772013 2512007  1.9220.11++ 20240050+
>hE

) 136125 48247 19.3£59x 320141+

Mean + Standard error(N=5).

nal : Non-treatment group.

fol : Group freated with scopolamine(1mg/kg ip).

ine : Group treated with scopolamine(1mefke i.p) and
1e(10mgfke p.o).

JF : Group treated with scopolamine(1mg/kg i.p) and MDOF
1ct{250mg/ke p.o).

Statistically significant value compared with control data by T
{+ 1 p<0.05, * : p<0.01, # : p<0.001).

‘ats were orally administered of MDOF or Tacrine - HC! and
njection of scopolamine(1me/kg) continued once a day for 7
. Hematology change was analyzed for serum level as
nibed in Matenial and Methods.

Scopolamine2 2 RTE Zjody =
g2 %9 Morris water maze A& &8 £3t
Ae{tE <ox &1

CRA AF=do| pooldlA plaforme.2 -g&}7}

Bl AHAdFel  101:22(sec), WFRTo)
124(sec) 2 YENED, FAUZRTFLS 14143 2(sec),
1T 154421(sec)2 BT 94 U ALE
1795 3 2% small movement ; smldist)
ol 161+124(cm), thRTo] 1644141(cm)=
bn, SAHAERTL 270:3B0cm), APEL
t143(m o2 oA e Z4E Byon, gL
i large movement ; lardist)}® AP
14.3(cm), B2 Fo] 581+80.1(cmE el %A
e 84+39.1(cm), AY TS 189 em)E F94
: 48 BHFig. 7, 8).

Pre-tfaining Control Tacrine

Fig. 7. Effects of MDOF on the scopolamine-induced impairment of
memory in the stop-through type Morris water maze test.

Normal : Prefreated group.

Control : Group treated with scopolamine{1mg/kg ip).

Tacrine : Group treated with scopolamine(img/ke ip) and
tacring(10mg/kg p.o).

MDOF : Group treated with scopolamine(img/kg ip) and MDOF
extract{250me/kg p.o).

Stop-through latency @ each time the animal moves from entry to
platform.

Lardist : the total distance covered by the animal in iarge
movement.

Smidist : the total distance covered by the animal in small
movement.

+ : Statistically significant value compared with control data by T
test {+ : p<0.05, * : p<0.01, = : p<0.001).

~—gp~ Smdist {cm) for latency (sec)

- Lardist (cm) tor hatency (sec)

Fig. 8. Effects of MDOF on the scopolamine-induced impairment
of memory in the distance movement-through type Morris water
maze test.
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Normal : Pretreated group.

Control : Group treated with scopolamine(1me/kg i.p).

Tacrine : Group treated with scopolamine(iwg/kg ip} and
tacrine(10me/kg p.o).

MDOF : Group treated with scopolamine(1mg/keg ip) and MDOF
extract(250me/ke p.o).

Stop-through latency : each time the animal moves from entry to
platform.

Lardist : the total distance covered by the animal in large
movement.

Smidist : the total distance covered by the animal in small
movement.

+ : Slatistically significant value compared with control data by T
test (+ : p<0.05, * : p<O.01, =+ : p<0.001).

V. # &

ARS E&e &FHo2 EEFHD oy o
2 A3 €& AgEo #ikEle HFERL F
A HAsd o2 A7 EEH mEE A wm
3ol Aol AT pEMEE WFH AP,

mRE e FH osto nEHE vl E3
Rakgee ETE Jehlle —#&9 E\e
2, AD, VD, E&W #HR, hiEtH fHE 59 ¥
Hol gleow, £ uyate ¢, AD7 615%,
VD7} 128%, BATo] 9%2] HEZ s

e ERS BSHL SHEH BUTK,
BETE, T&TR, ZEBR, BRER, Bk
B Son, o WM, EBMITR &
WIS, RIBRE Fo] 72 A8Hz AP E
R 2 5Kk, &K, B, iy, OBFRE, T
BRE 5oz B 4 g

ADE M9 Avy A& 559 Y A
4, & Xx%luksenile plaque), AAN bt
(neurofibrillary tangles) ® A Axe] aAPFZ L
WY 5& EAoz 39, F4ozE 798y
&4, F43 AnFel, g9 2 2544 &
€ AZF9 ¥sst Yeldr), 9o AA3), A3
E A Aol BRIy,

ADE FEAldle 4o oi@ 7tde] kst
A A A] 53 =, AB, estrogen,

apolipoprotein E, PS, oxidants(free radicals), &
%, Abael 9§ &4, AAAEEA, AF9%
A4 9 B fEdast gdss Aoz ¢d
A AG*P. o] F ABel RHo2 Ve =9
ghel NAEHez Q3 AAAMEY izt do
doie Aol WEH P,

ABE B-secretasel} y-secretased| <& &
A3 APP 957t FEAA BAHEH, o
Gl ALE LA B REQA 39~43719) o}
veieg FAHS Qo 222 $Hd}E HA
< 7Fx 2 %" Amyloid cascade hypothesis
of 2w ABY &3 AD #%9 AZH A
2 amyloid®l %Zo] HA #HAAWHA ARt A7F
AEE &3AA 2T A9 F4ol YENA
dga sttt ABE 2 A7 AAEAH U=
RAol oyl 242 glucosed HFolu
amino toxicity® Ab33le AFMEIL £
A wEE Aoz YZsHm UG £F A2
e APPY Y EHYU ¢ @A
(carboxyl-terminal fragment protein)o] ABX.t}
o 40 itz ez A, ABSt cv @
B9 EA7|H s e A L3 77}
JPHa gled, 53 4449 47 A
W Zg 449 A&7t 238 488 ¢ Ao
2 Wojxlm ¥

8, PS+ 465709 amino acidE 713 @93
22X APPS} ALY dHEEE /XY 71EY
ADE Yo7t Axz gHA Y. ADY
ojx PSe] HEL dA 7Y Fol oy APP
o] 4E& £78 3 apoptosis HAe] FAY A
o2 4R Utk F PS EQM|E Qg n
4oz EE PS dAlEe] APPY AL
%7sle] ADE dodlE Rolnf, PS EAMo
£ PS-19 39, A 33FF, PS-29 A$+= 3
FTH ool RHaHAAR glon, =y
(early-onset) ADS] 7§ dif-Eo] PS E£¢wo]
oA 7% n Fzsz g,

@H, acetylcholine, dopamine, serotonin,
GABA 59 AZFAGERAL =3l we 7243
T ez 43¥A ged, ADY FF449 719
g ¥ 342 cholineld NZEAI 24§ @A
Acke FA7 G AN=HT Yo
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APPE 21 A9 single genedll TFfE3HH
Poo] 21 FAAT 3AA GdeFFT BAE
z71X o 4 JeEllE 30~40the] ol 22 A
v ADIAN 2AFHE =ud AP FTE
FAE =), o3 HAe A 9 FVE T
ojgbe APPY HEAAY wEoq FEFH3 Ut
0 =3 AD @zt 7|4 A9 dfnl R29jellA
APPS] fAz 2do] FrhEo U x3hE HH
LM EM APP #Az wHo] FItxo] doeE
BRE 2 o APPZF AuidAg A" AHAHA v
e AR Qe Aoz FEHI YO,

AD #&AAM glucosed F7HE 7198& F3
A7)e gwAdz g8 don* scopolamined
FAE ARAA uric acidd FX7} F7HEHATE
w37k 92® scopolamine® Fol FAbstd
AChE7} %718l acetylcholine®] %o] 523 ¢
2389 7193 QAo Ff g HdsA Bt

EHES) Ewkiedl detds (mmkEg) ¥
e “EAANK BEAE BUET Kuk @
RRESR ST AL, (BRI TdA:e
“BRERmIER DM REPHEIRE TR faRS &
¥olg stgom, (AEMH) YA “HHEER
ERK Wmig St MEstn Ak

Aol BRES WEE FAMR Wis%Ee
2 st on ®us, e, sREse
EEol glol BB, BHTE, LRmE, MM
AEE RENRE EREE S Azdda’ s
Figel Aol A& kel EHE & AT 2
F Ut}

el @EagddA e HRMAEE 4HEY
APPS} PS TS % BEo #He HEO,
s} ERe) E{LE FRI FBLFEMAA
s wRY, aRe Ed gl daty
Morris water maze'*'”$} Radial arm maze'®"”
o] F Mool S T W% Mol HIRN
Erdo] Xt M I W™V oFo
Aoy Hinkigl mEEKe] MRERIY LB
gy seol BB B EstA Xk

olo] HHE EHLKY figol W aHE ¢
o}w 12k, mLFC$ PC-12 cell& ¥t Mk
#HPES 2439, AChE, NOs 9 Az &
8 2 AChE®] &4, APP, PS-1, PS-22] 2@ &

#astg o scopolamined FAE ARANA
AChES &4 % glucose, uric acidg =43
1, Videotrack(animal and human being
behaviour analysis system)& Z3f J%o WH3}
g #Esh

B ARl mLFC® PC-12 cellg ¥ 319
pE kel Mm-S &4 A3 mLFCY A&
&2 gzFo] 100£3.2(%)2 YEFRI 400, 200,
100, 50, 10, lug/mes} APTol ZHzZr 8546,
90+3.8, 93:4.1 95%4.5, 9825 98+4.2(%) & ek
W 400pg/mé olate] FEAME AR {MikE
tro]l UER] 2%y, PC-12 celld] AEELS o
ZTo] 100422(9%)2 JEGI, 400, 200, 100,
50, 10, lpg/meel Aol 2Z+zk 82£27, 87+35,
91+2.1, 93+3.3, 97£3.0, 93.3%)E YrErY 400
pg/mt °l3te] sEAME HAow MiuEtel
et A gk, Al Aol 100ue/me ©) 3
2 Ay sHHFig. 1.

PC-12 celi®] AChE mRNAS) @& lojA
AAEL 32HNE vEhGD dETe 1B31HOE
Uehged v, zhz 100, 10pg/mee] BEEEKE
Hald AYFL 47 39, MHVE YEwoy
o= EayKe HET FARC] 100ng/mee
PMASH rIL-182 =A@ dixzd €8] AChE
o] H¥E JAH Ao|vi(Fig. 2), NOsII mRNA
o) wde YojA AXTL BHNE YERL
WREL 124H0E JebgEsd e, 2z 100,
10pg/me EEEXS S8 493 4% 37,
115H)2 JEh} Bake] digd Al
100ng/mée] PMAS rIL-18& A& iz
vl8]l NOsI9 2¥8e dAPLS & F AN
(Fig. 3).

PC-12 cellelA  AAFEel AChE activitys
48+2.6(%), NEEE 100:2.5(%), 100, 10gz/meS
EEEK APTE 44+46, 47£33(%)22 UEY
94 Ade B2E BYoen(Fig 4), APPE A
Ao vlsl PMATS 54% dzFodMd &A
A 2EHPoH, AT Far¥EE B
4 o} W (Fig. 5), PS-13 PS-2% Aol H
8 PMATHS Fog tixTor dAsA 2d
HRoy, AFTANE 2de FAYSFES ¢
4 glol(Fig. 6) N AAEAIEY FUAo2 4
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ABS 4& ZF7IAJ71E APP, PS-1, PS-2¢
d& #F4AA ADY disld a9t e &
AT
WBCE AAEol 10.1:09(x10%m), thzFo)
122+0.7(x10%m)2  YEhgm  FHURTS
13.740.8(x10%m) 2 JEh} iz Zol HlE f9
4 e ¥WsE HeX gtoen HAIFL
11.3:05(x10%m) o2 #o4 sl ¥W3s B
th. RBCE AAFo] 83:03(x10%mr), W2 o
87:04(x10°/m)2 YEln FHANZRIH AY
Z& 247t 8504, 85:0.2(x10%m) 2 YER} o)
2T va ZF {44 e ¥EE Ro|x &
stth. PLTE AATol 752+33(x10%/mi), W= E
o] #7+27(x10%/m2 e JAHuURFL
836+46(x107/m) 2.2 UE} gz Fel v §9
A Qe WIE RHelx ggen AYPFL
836+46(x107/m) 2.2 #94 e W3E BRAY
(Table 1).

Glucoset BATo] 958:4.4(mg/de), hZFo|
85.3:3.1(mg/d0) 2 YElR R FAHNRT AJP
< 7zt 1202%4.1, 111.0£36(mg/de)o 2 e}
25 94 e 440l yelwth Urc acide
BAFo] 1.77+0.13(ng/de), HZTFo] 251:0.07(mg
/o2 JEelgn  JAdzEIH HdEgFe
1.92+0.11, 2.02+0.05(mg/d0)E #9J4 UE B2 E
el ok AChE activitye RAHZol 136+25(U/
me), ETol 482+47(U/mb)2 JEbG D Ao
223 AYLL 42t 193259, 320:4.1(U/m) 2
Ueld 25 §oAd e #dA2E veldo] 83
W glucose, uric acid, AChE activityo] "R+
EAR7} ALE ¢ F UK Table O).

ICRA AFA R do] pooldl A platforme.2 &g
7He AZe ATl 10.1+22(sec), HERFO
84.1:2.4(sec) 2 UENR R, FAYzE L
14.1+32(sec), AP FL 154£2.1(sec)2 2%
A sle #AAE YeUdY. L &% F(small
movement ; smidist)2 A4Tol 161+12.4(cm),
R2Eo] 1644t141(em)2 VeI R, FANZ &
270:35.0(cm), YT 286:143(cm) 22§94
e #LEE YEYen, 2BE 2E¥%Flarge
movement ; lardist)2 B4 Te] 44+14.3(cm), W
ZTo] 581:80.1(em)E YEIRR, FAYRTL

4 e

84+39.1(cm), AFF2 75:189(cm)E2 #9A U=
ZAAE B scopolamined] tHE 718 #AEH o
AEZ#E Yt Ack(Fig. 7, 8).

LAbel &S Rigs RY ERKXE PC-12
cellol Al AChE, NOsII¢] #Ax 2@d& A4
Z 3, AChE9] &4, APP, PS-1, PS-29] #Hi&
A A At ScopolamineF 92 FE¥ AREY
o4 Morris water maze 4@ 7184
E37F dAL, glucosed] Z7F9} uric acid®) 7
&, 28] AChE €49 Z47 veixey ©
g Kol g=AN YEE FLsn Ye Aoz
Aztgc. o3 APdae EBEKe dgAaF
£33 PS-1, PS-2 ¥ APP #92d dAFHE
NALsHE Aoz AZEE ul, dAdA iRl
AE X850 Y + AS AR Agdy.

V. &R

BERKe #Hifel oy AHE Lotz
PC-12 cellolA] AChE, NOsil 9] #&al €& ¢
AChE®S] 4, APP, PS-1, PS-29 g e #3
31, scopolamine® FAIE BKEYlA AChEY
84 92 glucose, uric acidE ZRslgey
Videotracks %3 %< wWsle oI 23
g5 2 2ES 4

1. PC-12 celioll oixj= 8

1) E#XE AChE, NOsI mRNAS #¥&
F40A AAsA

2) B#XE AChES 842 #A4NA oA
Aot

3) BEXS APPS PS-1 PS-2 @8 & 9
AAA A sH

2. Scopolamine2 2 { T H 7|ofe] i
AR olx=s 9%
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1) BEXe 94 A& glucose?! 71, uric
acide] 74, AChE 749 Z4AE ek

2) B K2 Morris water mazed] A #2143l
e 7199 X a5 ek
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