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Effects of KakamGoBonHwan (KGBH) on Inhibition of Impairment of
Learning and Memory, and Acetylcholinesterase in Amnesia mice

Su-Young Ha, In-Cheol Jung, Sang-Ryong Lee

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

Alzheimer's disease(AD) is a 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 (APPs) overexpression.

The present research is to examine the inhibitory effect of KGBH on PS1, PS2 and
APPs overexpression detected by Western blotting. To verify the Effects of KGBH on
cognitive deficits further, we tested it on the scopolamine(lmg/kg)-induced amnesia model of
the mice using the Morris water maze tests, and there were ameliorative effects on
memory impairment as a protection against scopolamine. KGBH only partially blocked the
increase in blood serum level of acetylcholinesterase and Uric acid induced by scopolamine,
where as blood glucose level was shown te attenuate the amnesia induced by scopolamine
and inreased extracellular serum level.

In conclusion, studies of KGBH that has been known as anti—choline and inhibitory
ablilities of APPs overexpression, 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, Herb medicine(KGBH).
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Prescription of KakamGoBonHwan(KGBH)

mEL 4 #E £ A &(g)
2 Salviae Miltiorrhizae Radix 6.0
Pt Rehmannie Radix Preparat 6.0
KM% Asparagi Radix 6.0
B IR Poria 6.0
[£)7 23 Poria 40
kS Liriopis Tuber 4.0
O Glycyrrhizae Radix 40
A B Ginseng Radix 20
B & Polygalae Radix 2.0
HER Acori Graminei Rhizoma 2.0
&k B Cinnabaris 20
ai(;tjrllt 440




- IRERA 0] BREEERE

3) MY R
MEEAN 30 S 132eS AFo] Ao
3,000mé round flaskel Wi Z&EHEK 2,000ME ¥

ek ok 3R nE MHSt e PEREKE RIS
o WEYS 36 WA ¥ o] E#KE rotary

vaccum evaporator(Biichi 461, Switzerland)ol
AOEE BRESETE o] BMERS -84TC deep
freezer(Sanyo Co., Japan)ol A 4R B<t HiE
Bt31 24/ B9 freeze dryer(Eyela Co., Japan)
T HREWIESe] 10go] BIRE dolA EEdl
e s AFAHKY B FRsidd
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A% < Cholinesterase kit, scopolamine, Tris
~HCI, NaCl, Nonidet P-40, Ethyleneglycol-bis
(B —aminoethyl ether) NN,N’ N’-tetraacetic acid
(EGTA), phenylmethylsulfony! fluoride (PMSF),
p—dithiothreitol OTT), Diethyl
pyrocarbonate (DEPC), chloroform, RPMI-1640
ui k<l isopropanol, ethidium bromide (EtBr),
dulbecco’s phosphate buffered saline (D-PBS),
formaldehyde, polyacrylamide, magnesium
chloride (MgClz)& Sigmart (US.A) AFEL,
Taq polymerase¥} Deoxynucleotide triphosphate
(dNTP)¥ TaKaRaA} (Japan) #1E&, Moloey
Murine Leukemia Virus Reverse Transcriptase
(M-MLV RT)2} RNase inhibitore PromegaX}
(US.A) #AEL, RNAzolBE Tel-TestAl (US.A)
A E S, fetal bovine serum (FBS)2 HycloneAt
(US.A) AEFE&, 83 Agaroses FMCAH
(US.A) AEFE AHE3H% 1, anti-human APP
N-terminal antibody (Boehringer Mannheim, Canada),
US.A),
US.A),
anti-mouse Ig HRP-conjugated sceondary Ab
US.A)$F  ECL-Hybond film
(Amersham, US.A)# 1 9] AFE2 S 4
duS AHESEATH

BT 4R (ShdFE), spectrophotometer
(Shimadzu, Japan),
Minos-ST

leupetin,

anti-human Presenilin-1

(Oncogen,

anti-human  Presenilin-2 (Oncogen

(Amersham,

serum separator (417}

Korea), (Cobas  Co,

France),
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(Beckman Co., U.S.A),
(Biichi 461,
Bio-freezer (Sanyo, Japan), deep freezer (Sanyo

centrifuge rotary

vaccum  evaporator Swiss),

Co., Japan), freeze dryer (Eyela Co., Japan),
autoclave (Hirayama Co., Japan), ultrasonic
cleaner (Branson Ultrasonics Co., U1.S.A.), roller
(Gowon Technology Co.,
Korea), vortex (] 23 Korea), plate shaker
(Lab-Line, US.A), ELISA Leader (molecular
US.A), Videotrack

France) 5 (MR

mixer Scientific

devices, (Viewpoint,
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(1) mLFC®} PC-12 celld] £53%

mLFCE BALB/C A9 A A=A
D-PBS& 33 AH3 F A2 zztor Ho
o] conical tube(15mé)ell o] 1400 rpmoE 5
b AAEE S, tubeel RPMI 1640 w2
il 37T, 5% CO, eje wikriol A 2413k
diekstg ot thAl 05% trypsin-0.2% EDTAE
#A7HE 308 AL wdsH E} HH"L ¢
D-PBSE 4ol ¢k 28 1500pmoez U4
& RPMI 1640-10% FBS ] % kol A 1fr°‘ 3
wiekatgth 159 F 05% typsin-0.2% EDTA
2 mLFCE ¥ 3o RPMI 1640-5% FBS Hi %
Aol 10%cells/md EEZ o] 96 well plated]
el

PC-12(ATCC, CRLI720%E rat9]

pheochromocytoma=
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adrenal
Dulbecco’s modified
Eagle's medium(DMEM)ol 10% horse serum
5% fetal bovine serum, penicillin (100U/mf),
streptomycin  (100pg/m¢)  =22lx 10 pg/mi 2]
gentamycin®] 58 & 37T, 5% CO. #k
fgo] wrgusol A st iTh

(2) Hnpad: W

AEEY ZALHL SRB assay¥& o7t ®
gatel Ago] AFE3ET mLFCS PC-12 cell
2 20 x 1019 AZE 96 well plated] i
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37 T, 5% CO¢el9] wjgrlel Al 2A12F vl F3
F MBEAAN FE2EEFHF 55 400ue/ml, 200ug
/mg, 100pg/me, S0upg/ml, 10pg/ml, lug/mb)L 724
7 EQ AYsTh WAEER Fo) wIAS o
3 D-PBSE 238 A& 2 wellol 50%
trichloroacetic acid® 50 @& 7}stz 1A
k4 Coll HASAYG. 2 F FTHTE 53 AF
g o2 well plate® TV Fold Pz
SRB(04% SRB/1% acetic acid) &9 100x8
/well2 7}8lm A& 30837 I8t
2l3 0.1% acetic acid €922 o 43 A3
& F71 Fold AR 10 mM Tris BaseZ
2347k ol plateE plate shakerlAl 35
speed® 5% 7t shakingdt i ELISA Leaderol 4
540nmZ F3E=E SAs

2) PC-12 cell® APP, PS-1, PS-2, AChE #IE

(1) AChE, NOsII mRNA 8 W&

® mRNA $hiH

PC-12 cell& 24 well plated] 1 x 10° A=
7k wello] B35 3, mEEANL F25(100x8/ne,
10pg/m)S HZstn 147 & PMASH rIL-18
(100ng/ml)E Al F 24213 B¢ wjdstd ot
HEETE F 4348 J58 5 RNAzIPE o
83 PC-12 XS Bl=8 mRNAES F£3)
= g 439t 2% mRNAE diethyl
pyrocarbonate® A Elg 20p19] FFHFo| Hdo
RT-PCRd AH&&t4th

@ RT-PCR

o A AHreverse transcription) ¥H$S Fulyg
total mRNA 3 ug& 75ColA 58 % ¥y
(denaturation)A] 7] 32, ©]o] 258 10 mM dNTPs
mix, 1g¢ random sequence hexanucleotides
(25pmole/2540), RNA inhibitor24 140 RNase
inhibitor(20 U/), 12 100 mM DTT, 458 5%
RT buffer (250mM Tris-HCl, pH 83, 375mM
KCl, 15mM MgCl)& 718 &, 1uel M-MLV
RT(200 U/u)E& oAl 746t DEPC AEdE &F
FE o83ty HF Fust 200t HEE 89
o o] 20ue] wWhg EFAL F e H

2000rpmol Al 527 44 #AAslA 37C g& 5
Zo) A 60% B¢ WS AIA first-strand cDNAE
A g, 9BTAA 58 F¢ #HAEY
M-MLV RTE Eg43r7 & #§A4¥ cDNA
E polymerase chain reaction(PCR)¢l A+231%

e

® cDNA PCR

PCRE #2522 ¥4 Primus % Legal PCR
systeme ©o]-§3te] FH3Yct wEL ojn] F
A9 3ol (DNAE FHo=2 AE3tn, 34
& primer= AChE, NOsI ¢} gljfceraldehyde—
3-phosphate dehydrogenase (G3PDH)E 2 %3}
71 93l sense primer(20pmole/ut)$} antisense
primer(20pmole/)E R3S 15 7betx, o
Al 3 25mM dNTPs, 3¢ 10XPCR buffer
(100mM Tris-HCI, pH 8.3, 500mM KCI, 15mM
MgCl), 282 0.18¢¢ Tag polymerase(5U/ul)E
B g HF 29} 30 HEE dEFEF
TE 7}8tal pre-denaturation(S5C, 5%), denaturation
(95C), annealing(55C, 1¥), elongation(72C, 1
2)& 253 Al33% A post-elongationg 72T 9]
A 38 E¢e F@pow s PCRE #8354
th. Z+ PCR products 20u4¥ 1.2% agarose gel
o loadingdled 120V Z A 2087 AV SF

< Tt E4stA

Oligonucleotide sequence® g7)vjg e v}y
2t}
® rat AChE
sence oligonucleotide :
5-TCTTTGCTCAGCGACTTA-3
antisence oligonucleotide
5'-GTCACAGGTCTGAGCATCT-3'
® rat NOsII
sence oligonucleotide :
5-TCCRAATCTggAACAgCCAg
CTgg-3
antisence oligonucleotide :
5-g¥TCCATgCAgACAgCCACAT
CCTC-3
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© rat G3PDH
sence oligonucleotide :
5'-ACCACAGTCCATGCCATCAC-3’
antisence oligonucleotide :
5-TCCACCACCCTGTTGCTGTA-Y
PCR product®]
program(AAB, USA)<
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(2) ACHE activity I 2 Western blot 5#7

© Mk EAE M

PC-12 celldl mEEAMN FZE(100xg/ml, 10
pg/m)T PMA, rIL-18 & 24X B¢ T4 o)
Fs T MFEA lysateE 4o} AChE BAHEE
ZAs A, mEBEANL F220100ue/md, 10zg/
n)# PMAE &4 wigs ¥ 33 D-PBSE A
g TAH% MNEA lysate® ¥o] Western
blotel AH&-3FAATE.

NEA lysate® A7 ¥ 50 lysis &
ZFE N Tris-HCl (200mM; pH 80), 200mM
NaCl, 05% (v/v) Nonidet P-40, 0.lmM EGTA,
1mM PMSF, 0.1lmM DTT, 10gs/m{ leupetin}<
EEE F GLoA 3087 weksin 587 44
233l A XA lysateE Hof Bradford &

pns
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@ AChHE activity &

AFEA lysateE labeling3t ¥ sodium chloride
solution 02mé¥} ZT&stch ZF tubed] 3.0m
water, nitrophenol solution 2mf, acetylcholine
chloride solution 02mt& sttt oAl oF-

% acetylcholine chloride solutionS FH7Fstil Al

+S AEE) 7]F3E o 25 T water bathollA] 30
B7F wl¥A 7] & ELISA Leader2  420nmol 4]
EHEE FASI

® APP, PS-1, PS-29] Western blot %-#7

A E lysate(50pg)E 12% SDS-PAGE geloll
Z 3 PDVF membranes] AolAZth 2% BSA
2 2AZF  blocking ¥ anti-human APP
N-terminal antibody , anti-human presenilin-1 ,
a8 3

&
B

anti-human presenilin-2& 2+Z+ &3t

TR
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4T A overnightAlZth 281 anti-mouse
HRP-conjugated sceondary Ab¥ H¥E-&-A]Z
ECL-Hybond filme & immunoblottingg 3}

2454,
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3) Scopolamine®.2 FHEH
2dol mmwsH

(1) %Y 8 2 scopolamine ¥4

Z(L(30HEE) SDA AR 5vteE 1FeE &
o ThET, tacrinee FoF FFAET10me/
kg), MIEEIAAN FoJT(200mg/kg) o2 iy, 7
7} scopolamine(lmg/kg) S 7THR 18 16 Mk
gataa F2E A FAsAth
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(2) WBC, RBC, PLTY &t HE

R 100 #% SDA AN B OEHK
Mm¥koz 10mee] m¥s EZeATH T 2wl
E CBC bottleel 2o} Emikiy, ARk, fh
K &8S HEstYi, ;1EL Foniotkd #
3t Minos-STE &S ot

(3) Glucose, uric acid®] WE

MW glucose, uric acid®] #Fe AFAdstet
A17](Ciba Corning, US.A)E Az WE
s
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.
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(4) AChE activity €

MW AChE activity HESH7] Hebe] test
tube®} blank tubeZ labelingdtil, test tubeol
sodium chloride solution(cat. no. 150-3) 0.2m¢%
serum 02me ¥ EAIFATH blank tubest
test tube©] 3.0m{ water, nitrophenol solution
(cat. No.420-2) 2ml, acetylcholine chioride solution
02mes wmstgrh ol % kS IERES| Fogkst
o] 25 water batholl Al TE#ES] 304 M EAZ
# ELISA Leader® 420nmolA &2 =% @lwst
gt I BHRE AE8td AA = Apank - Agsst
Aol o] AAANA ERES WaEs o

4) Scopolamine® & FER BN BE A
1z 9ol Morris water maze B8-S T i
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(1) ICRA AF e RiE BE 2 8y KR
ICRA] BHE 15¢Y3 Morris water mazedl

A 19 13 wEIEE dAstgd. Morris

water maze@ 2] 90cmol Fol7t < 30cm

A FZ2E FL0] 2B8CA F%EL 233= A

I gt AF &2 F 4 e FAAH o

10em¢l 9% 3 platformE % Fzolt} 1Y

13] &4 Al 302 oWl poolol Al platformo 2

2EteE AFE Adsdd. AdE ICRA AFA

Z 1098 E 3 ToZ o iR T, tacrined

Fog JANET(0ng/ke), MBEEAN FAL

(250mg/kg)o.2 EF3IA T AL 1497 19 138

e HF oo} platformo] L2+ ¥

3 354=2

L,

M %) &

(2) Morris water maze &

FHF B F97t Fz® ICRA AAd
scopolamine(1mg/kg) & Bl g d 5 302 ¥
o) Morris water mazed] 4% & =g¥ Y
Videotrack(animal and human being behaviour
analysis system)® 35< ZAHsH1 1 2H
£ Videotrack software® #23}¢c}.
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3. HEt o

AFox @& AA}E meantstandard errorZ
71289t HEH BES Student’s T-testE
o] &3ttt

B’ #®

1. mLFC=F PC-12 celloff CHE #EFREM

mLFCse A&E&L xTo] 100£44%2
ER 3 100, 50, 10, lug/méel MBMEAN F9F
o] Ztz} 94%4.1, 93+52, 97+4.2, BE32%Z #
o olx wWart g, 400, 200ue/mee] Hud
A A 5.0440} Zyzt 7737, 86E55%E 9
A deE FAE Ve, PC-12 celle) &2
)=o) 100+35%2 e, 100, 50, 10, 1ug
/mee) mEEAN FoTol ZHZ 92442, 94%

67, 103£43, 101+41%2 #24 9= H3rt
UAZ, 400, 200pg/me ] MREAAN FoATo] &
Zt 67£50, 75135%2 F94 Je #L2E HY

F HFig. 1).
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100 4
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o
=
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:.g 20 - —&— mLFCs
> --m-PC-12 cels
0 T T T v T ]

Control 1 10

KGBH extract (pg/

50 100 200 400

)

Fig 1. Cytotoxicity of KGBH extract on mLFC and PC-12 cell.

Controt : Non-treatment group.

KGBH : Group pretreated with various concentration (1ug/mé 10ug/mé, 50ug/me, 100/tg/"i1’, 200ug/me,
400ug/m?) of KGBH extract for 72hrs.

« 1 Statistically significant value compared with control group by T test(

= : p<0.001).
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1 p<0.05, = : p<0.01,
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2. PC 12 celiel APP, PS-1, PS-2, AChE®!| 58HtE vtebygedl whal, Z2b 100, 10pe/mee]

3t et BWEANLT IL-18&PMAE 374 A2 d %9
Fe zbzr 11, 13HtE MmEARS ve3 B
1) AChE, NOsII &87F #g glo] 1IL-18&PMAE Held dixTol n|s)

AChE GA7e] wralo] gojd FAEe 25Ht AChEY] ¥do] ZasE Ao verxichFig
2 UEgR fdL-18&PMATS g8 gzze 2.

rIL-1B+PMA+ KGBH (100 pg/me)
rIL-13+PMA+ KGBH (10 pg/m¢)

.

[}
-4

—

o]

=
<
Z

=

=7
=

]
=

rIL-1B+PMA

Media

AChE

Fig. 2. Inhibitory of effects of KGBH extract on AChE mRNA expression in PC-12 cell cultures after

treatment with PMA and rlL-1 8.

Normal = Non-treatment group.

Control : Group pretreated with with PMA and rIL-1 8 {100ng/m4).

KGBH : Group pretreated with various concentration (10zg/mé, 100ug/mf) KGBH extract for 24hrs.
PC-12 cells were pretreated with various concentration KGBH extract in the presence or
absence riL-18 and PMA(100ng/mé) for ehrs(iL-18 & NOst 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. Other methods for assay were performed as described in
Materials and Methods.
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NOsII mRNA2] 2#eo] oA AT A3 FogFe 4zt 58 65HtE MKEANY
S6Hte. 2 e rIL-18&PMA™E A3l H| &3 @Al rIL-13&PMAE He§ haT
dz2ee 170Hte 2 vElged vha, 22k 100, of Bls] NOs¥ wdeo] gase Ao ve
10ug/mee) mMBEARTY IL-18&PMAE 7 WY tHFig. 3).

—

rIL-18+PMA+ KGBH (100 pg/me)
rIL-1+PMA+ KGBH (10 pg/me)

b
=<
E ]
[
E
<
Z
(=}
2
=
(=
(=
=~

rIL-1+PMA

Media

NOs <+ 400bp

G3PDH ]« 452bp

Fig. 3. Inhibitory effects of KGBH extract on NOs I mRNA expression in PC-12 cell cultures after

treatment with PMA and riL-18.

Normal : Non-treatment group.

Control : Group pretreated with PMA and rlL-1£# {100ng/mé).

KGBH : Group pretreated with various concentration (10uzg/mé, 100xs/mf) of KGBH extract

for 24hrs.

PC-12 cells were pretreated with various concentration KGBH extract in the presence or
absence- of riL-18 and PMA(100ng/m¢) for 6hrs(iL-18 & NOs!l mRNA) or 24hrs(AChE
mRNA). Amplified PCR products were electrophoresed in 1.2% agarose gel, and the
analysis(Ht) was used for 1D-density program. The other methods for assay were performed
as described in Materials and Methods.
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2) AChE activity 1%l BEAR FATS A7 45135, 57TE28%E
4874 AChE activity® 37+£25% %1 d= e gasE J¥e EAo(Fig. 4).
T2 100146% 22 et 100, 1042/mle)

KBHextract (g )

Fig. 4. Inhibitory effect of KGBH extract on the acetylcholinesterase activity in PMA and rlL-18
stimulated PC~12 cell.
Normal : Non-treatment group.
Control : Group pretreated with PMA and riL-18 (100ng/mé).
KGBH : Group pretreated with various concentration (10xg/mé, 100xeg/m¢) of KGBH extract
for 24hrs.
= © Statistically significant value compared with control group by T test(x : p<0.05, ** :
p<0.01, =+p<0.001).
PC-12 cells were pretreated with various concentration KGBH extract in the presence or
absence of riL-18(100ng/m) and PMA(100ng/m¢) for 24hrs. Lysates were measured using
AChE diagnostic kits(Sigma). Other methods for assay were performed as described in
Materials and Methods.
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ot
5

3) APP ¥R ' g A HYPd FALAME FaHE 4
APPE 4T H3 PMATHE F4% dx LheRs oH(Fig. 5).
TollA @AsHA EEHAL U, PMAS A&

an

o]

&

N

- +

g < <

S = =

Z. [ R

—_ ~ “

@ = =

5 ® «

- it ]

+H-PMA - + +
APPs <4+ 974kDa
Coomassia blue

R250

Fig. 5. KGBH inhibits expression of APP secretion in PC-12 cell.
Lane 1 : non-treatment
Lane 2 : PMA(100ng/mé)
Lane 3 : PMA(100ng/m¢) + KGBH(100ug/mE)
PC-12 cells were pretreated without or with KGBH(100zeg/m€) extract in the presence or in
PC-12 cell.
Lane 1 : non-treatment
Lane 2 : PMA(100ng/mé)
Lane 3 : PMA(100ng/mf) + KGBH(100ug/me)
PC-12 cells were pretreated without or with KGBH(100xg/mf) extract in the presence or
absence of PMA(100ng/m¢). 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 KGBH and internal control Coomassia blue R250 staining.
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4) PS-1, PS-2 8 MREAN FATdME THo FaHE B
PS-13} PS-2& A4 vl PMARS Fo ol Yebuth(Fig. 6).
g dxzTol AsA @Yo, PMASH

rir

Lane 3 : PMA + KGBH

Lane 1 : Normal
Lane 2 : PMA

+
+

+/-PMA -

PS-1 (Ab-1) W <4— 30 kDa

PS-2 (Ab-2) <— 98 kDa

Coomassia blue R250

Fig. 6. KGBH inhibits expression of PS-1(Ab-1) and PS-2(Ab-2) secretion in PC-12 cell.
Lane 1 : non-treatment
Lane 2 : PMA(100ng/m¢)
Lane 3 : PMA(100ng/mf) + KGBH(100xg/m¢)
Representive Western 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
KGBH and internal control Coomassia blue R250 staining.
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Zglol mykol CHEr o &

Il

1) WBC, RBC, PLTd nlx& &

WBCE A4To] 11.810.6(X 10%/m), =70
11.0+05(x10%m) 2 YEF L tacrineg F9%
FHYZEH mMEEAL FATES ZZ 116+
05, 11.1+£09(x10%m)2 Vel iz o] H &
BE F94 e #HIaE Rolx ¢gith RBCE
o] 82+0.1(x 10%/mr), hZFo] 88+0.4(X

A 134E A 13 2002 -

10%/m) 2 JENY T tacrined T3 FHNEF
o mEEAN FATL 4 82%02, 80105
(x10%m)2 veh} gz Tl wE BF o4
g WEE Holx gyrl. PLTE AHT9|
771+13.0(x10%/mr), THETol 984+47.8(x10%
)2 YERt I tacrined F9% FAURTS
955+ 75.9( X 10%/m) 2 el tzFdl wls &
g4 glE WIdE Bolx Fgon mMEBAK
B Fe 79+24.1(x10%/m)2 94 YE
318 BEH(Table 1).

Table 1. Effects of KGBH on the Blood cells of Scopolamine-induced Amnesia Rat.

Group ’ Normal Control Tacrine KGBH
WBC 118%06Y 11.0£05 11605 11.1+£09
(% 10%/ur) B
RBC
82%0.1 88+04 82+0.2 80x05
(% 10%/m)
PLT .
771+13.0 984478 955+75.9 7991+24.1
(X 10%/ur)
a) : Mean * Standard error{N=5).
Normal : Non-treatment group.
Control : Group treated with scopolamine(1mg/ke ip).
Tacrine : Group treated with scopolamine(1mg/kg ip) and tacrine(10mg/kg p.o).
KGBH : Group treated with scopolamine(1mg/kg ip) and KGBH extract(200mg/kg p.o)
* : Statistically significant value compared with control data by T test( : p<0.05, * : p<0.01,

p<0.001).

SD rats were orally administered of KGBH or Tacrine - HCl and were injected scopolamine(1mg/kg)
once a day for 7 days. Hematologic change was analyzed as described in Material and Methods.
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2) Glucose, uric acid, AChE activityol] 7]3x]&
3

Glucoser= ATl 1105+79mg/de, thET o)
1005=86mg/d0 o2 YUEY T tacrined Fo &
FAUETH MEEAN FATEe 247 1387+
6.2, 1522x35mg/dl 2 YEIY ZFE Fo4 deE
4eg BYFA) Urc acide ATl 1.67*
0.22mg/dg, thEo] 2.2920.13mg/d¢ 0.2 tIE}SF

1 tacrine® 3 GAWEFS 1.31£0.09mg/
2 KA ZAE YER I B A A
B e 1.742004mg/d4E HA) FoA sle= 7@
A& ekt AChE activity® AAato] 164+
13U/m, ol 353%t15U/mz  YERgI
tacrined F4% FAAWEILTH mmBEARN Fo
Ze zhz}b 212407, 247+32U/mE JEY ®
T

T AR de FaE BAFAHFig 7~9).

yo
rr 8

ko
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E 1004 L
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o
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0 L——' T - T Y 1]
Normal Control Tacrine KGBH

Fig. 7. Effects of KGBH on the glucose in the serum level of scopolamine-induced amnesia rat.

Normal : Non-treatment group.

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

Tacrine :

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

KGBH : Group treated with scopolamine(1mg/kg [p) and KGBH extract(200me/kg p.o)

= . Statistically significant value compared with control data by T test (+ :

p<0.01, == : p<0.001).

p<0.05, »* :

SD rats were orally administered of KGBH or Tacrine - HCl and were injected scopolamine(1mg/
kg) once a day for 7 days. Hematologic change was analyzed for serum level as described in

Material and Methods.
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Uric acid level (mg/L)

Normal Control Tacrine KGBH

Fig. 8. Effects of KGBH on the Uric acid in serum level of scopolamine-induced amnesia rat.

Normal : Non-treatment group. '

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

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

KGBH : Group treated with scopolamine(1mg/kg ip) and KGBH extract(200me/kg p.o)

= © Statistically significant value compared with control data by T test (+ : p<0.05, ** :

p<0.01, == : p<0.001).

SD rats were orally administered of KGBH or Tacrine - HCl and the injection of scopolamine(1
mg/kg) continued once a day for 7 days. Hematologic change was analyzed for serum level
as described in Material and Methods.
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Fig. 9. Effects of KGBH on the AChE in serum level of scopolamine—induced amnesia raf.
Normal : Non-treatment group
Controt : Group treated with scopolamine(img/kg /p).
Tacrine : Group treated with scopolamine{img/kg /p) and tacrine(10mg/kg p.o).
KGBH : Group treated with scopolamine(1meg/kg ip) and KGBH extract(200wg/kg p.o)

= Statistically significant value compared with control data by T test (+ : p<0.05, »= :
pP<0.01, = : p<0.001).
SD rats were orally administered of KGBH or Tacrine - HCI and the injection of scopolamine(1
mg/kg) continued once a day for 7 days. Hematologic change was analyzed for serum level as
described in Material and Methods. ‘
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4. Scopolaminei¥ 2 FWE TtEH
2glol Morris water maze BES
hRE s BR

ICRAl AR R o] pooldl A platformes &2
7He RS AAdTe] 11.2+34(sec), thETol
806+39(sec)Z eI, TacrineS Fo <
HAZZLE 152+40(sec), MBREAN FAFL
245%t39sec)Z B5F o4 e Z4LE B9
F9oh. A& $% % (small movement ; smidist)

T A

1398 A 13 2002 -

2 Aol 182%+25.2(cm), WEaol 1540%187
(cm)2 YEb L, TacrineS 59 FAAERTLS
243*42.4(cm), MMEEEXHN FATLL 451769
(m2 FIA e #2428 B9on, B &F
#F(large movement ; lardist)& Adwol 71*

751£79.2(em) 2 YERR R,
Tacrined Fog SFAHRTS 117142.1(cm),
MBEAN FodTL 170£313(m)2z F94
g B Yd(Fig. 10, 11).

22.7(cm), WETo)

) ZF <

=
LA s T

Fig. 10. Effects of KGBH on the scopolamine-induced impairment of memory in the stop-through

type Morris water maze test.
Normal : Pretreated group.

Control : Group treated with scopolamine(img/ke ip).

Tacrine : Group ireated with scopolamine(1mg/kg ip) and tacrine(10me/kg p.o).
KGBH : Group treated with scopolamine(img/kg ip) and KGBH extract(200mg/kg 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.

= @ Statistically significant value compared with control data by T test (+ :

p<0.01, == : p<0.001).

p<0.05, *~ :

ICR mice were orally administered of KGBH or Tacrine + HCl and the acquisition training trial
continued once a day for 14 days. The videotacking was initiated at 30 min after the
injection of scopolamine(img/kg) and the retention trial was carried out after day 7 after the

acquisition training trial.
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Fig. 11. Effects of KGBH on the scopolamine-induced impairment of memory in the distance
movement-through type Morris water maze test.
Normal : Pretreated group.
Control : Group treated with scopolamine(1mg/kg ip).
Tacrine : Group treated with scopolamine(1mg/kg ip) and tacrine(10mg/kg p.o).
KGBH : Group treated with scopolamine(ime/kg ip) and KGBH extract(200me/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.
= Statistically significant value compared with control data by T test (x : p<0.05, * :
p<0.01, == : p<0.001).
ICR mice were orailly administered of KGBH or Tacrine - HCl and the acquisition training
trial continued once a day for 14 days. The videotacking was initiated at 30 min after the
injection of scopolamine{1mg/keg) and the retention trial was carried out after the acquisition
training trial.
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ARo] BA B|ES HHsA A 53 FR
R 2 BRLEAZS wikSA B mEt AR =

e 3A gEEHGeH olzus w& B A
Y Eo] ZiAd: BEERS FA HJded o=
AT EEW FMERE A Wmiged do BA
@ HEmE: A AP

EmRE B, BEN, &), BRI, SHEE
h, BEgE), §F L MBI F apvEgEs 2
By EEE Idite KR 9% BK ER
ol RS LM KEL WmEH EBE A
B, SfRBERE, BB B BE, A B/E
o] E@HE mM - B 2 HEAIPY, W
#HQl EED T ES7Y KIEIE(aphasia),  KREDAE
(FR# A He; agnosia), KfTiE(apraxia) 59 T8
B9 EfEe A Jehd mE B e
82 shA e, ,

ol g iR Lz2stolHA FR(Alzheimer's
disease; AD), MY % (vascular de nentia),
chiEtE FE Bo oy of FoA ¥zdteld
we 50% MBS AXFdm Q3PP ERER
= 20-30% RREoln #igold ¢RLFHY 9
3 hEM ERE 10-20% BEoY ihol Bk
o kA 2-3fAE O FiEsts AR 4HA
Rom® 60-6549 A4 10008F 13, 654 Ll
EAAE 10099 49, 854 U EdAE o A
AT HFHEL eAg?,

AD(Alzheimer’s disease)= %< FEE 23
A %= A amyloid B protein(AR)Y bk
(deposition) 2.2 A7 SPs9) &M (neurotoxic)
©F WHEHIARFE (neuronal cell death)E Yo7l
A7 3943 B9 A E (hyperphosphorylation
tau protein)2] LBl /g NFTsel {fFHoE b
#3B 17 (neurodegeneration) S 4 27]= o] iR
B Dorg aute|E o) 2B 2 A (estrogen), o
Za ¥k E(apolipoprotein E; apoE), =& A
Y2 (presenilin), F4{IEoxidants; hydrogen peroxide,
superoxide, hydroxyl radicals), &fE, Abiiel €
g 1B, WREEYHE (neurotransmitter), RS
#: N F(neurotrophic factors) 5 B& FERF7
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MEes Aoz gaid A

Amyloid A protein(A 8)& APPY JFIEFHEI
TREBReZ AAHEA, ADY HESH A
R A 723 §-cheH(Neurofibrillary  tangles;
NFETs)3 47 9H(neuritic plaque) amyloid £
protein®} gl oste] AAVE A2 dFA
9t} AB%E 219 chromosome®] single gene
o] encord® amyloid precursor protein (APP)
family 228 @z EEd, APPE 443 molecular
weight forme] $12™ AR sequence® HET
7} £23 APPE 481 JE amino acidel
#1o) we} APP695, APP751, APP770¢12tn &3
t}. APP770¢ K$59 M#oA dominant(F-
A) isoform©] 3 Kunitz protease inhibitor (KPI)
o} gjets] ¥]<£=38 56-amino-acid domaing ®E
k3t 9ltl. APP695E protease inhibitor domain
& wasA ¢on braind 7} Bol FLESE
dominant isoforme]t}. ol& & Mt HE &
e ERE ok W A=A gdch T F=3
olmiy HEESH 2L EHY MR s AF
£7+0 2 jsoform® APPS Sk obx BiFE
A wEAx PP E TR ofRRo=E
A ¢ 2 (Amyloid Precursor Protein ; APP)€]
—#&7} A -secretasert 1-secretasec] s @
244 amyloid 8 protein(AB)ol BAHEE,
A5A opHlxAb Bt KEHY 39-43749) of
wrato s fEEol ol 222 BmEHE BH
& ARz Yo®.

oo gmstolviy F&e HE FilE(basal
forebrain)¢} siulol A APP] #ETF FEEEC] B
msle] glthes 4, EHiE MBHEIEMMRAIA
APP #ET BEol ®msol e @,
amyloid B protein® A fgol & HEHE
fro) MM Seds #E 58 9 £
w APP7} 1L, 53 HRHK @Rd '
(el BB JHAT e AR HRSAT Ao
)

ADel 91014 presenilin®] &S B ]
Zo gEd, ASAX Rag gl A
presenilin ZARBRE presenilin-19) &, KD
33%E X, presenilin—29) HBE 3R Llbo] HE
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Hold low BH#] (early-onset) Alzheimer's
disease®] 73-%- tlF-¥ o] presenilin R HE o 4|
BRI 48530 ™. = presenilin &
ggRe Qi JFIEEMSE EYE presenilin
fR@#tel APPY RS (st ADE dodle
Aolt}®  wal presenilin 1(PS-1)3 presenilin
2(PS-2)°] Z+zh 14 1 Rl frsh,
o] HMETY LY RABEI FHEE KKK
dmslolvilial 70% L9 FEEYCl BESHA
Y, olge A2 ofmate] 67%7F F-—3H
770 Bi# 9] transmembrane domaing 7FA| 3L )
= 4550 KDY HFBE=R H8HD . o F
BEFE= C. elegans® SPE-4 ##E 1< %ﬁﬁ’]
o2 ¥{ls}m, o] SPE-4% spermatogenesis i#
oA MR EEE E#f(cytoplasmic partitioning)
2 MR E¥EEntra-cellular trafficking)l
EEY &L sl Aoz ddHA Utk BT
Al C. elegans® 7k BRENA MR E5RME
ol BAMLSI = notchff 2] WEEEQ lin-129] #ikE
RHEBRRE BAA & 5 U HEE #R
H sel-12% PS9} homology7t & Aol MEH
AT o] sel-12% lin-12¢] 9@ {FHREE
coreceptor 3 hin-128 fifikmes HERsHA
W recyclingshe ®EE #HEeE Aoz £84
o} ol g3 HES spe-49 sel-129F homology 7t
Qe PS-13 PS-2&= A MR EGE ERK
ol \} MR BIREES] BT kel =3
L5 am A

Db 2& HgEM 2 o o] EETES =
RERE /1A gt FEHE AD BEIA=
APP7} PS-10)4 PS-20] 23} S -secretase”’}
Zol pEHY A N SR o ol B
g5t R APPY FEHd BES 71X amyloid
B protein’t BE wEAIo N WEEHS U
Bl o wheh AR GRiBo] RMAEE A
oz gmdn  dg®?. gidE  APPY
presenilin EEHEOl MZ2 #odtte HFHEo if
EFHoRA o] HES oS o IeHHFT 3
o),

AD #EEAAA veEvE EEH sk
Rk RIS BREEDE] oHNEEdE T

e
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o] W Wb #niuel Bk dEoidn
Aded], o] FE HKE oNEEdE 53‘@’5'6}'—3
opE Zdg2EetolAR A ©L HLHAE
Reog gzt Wk, ADY 1A FRY EE
B OBEBBKe YA mHSRS; HES BRI
Qi HmEt SRS RED Ao v
A BREAEE otdex arutd uhep 2
o] BT FHED MWEo e AoE U
WEY ZUAN WRAS #WrdFi dEe =
g 9E HBE #mEdE olMEEN TR
A (acetylcholine precursor)® lecithin, +&# &

Ju

2 A (recepter agonist)® RS-86, nicotine & ©]
gloni®  olNEHEY  Fa) Al (acetylcholinesterase
inhibitor) 2 FDAS2l HKiZS Wol BHIAMER
B {EHZ9 tacrine(tacrine)® Hiiol HELE
E2020(aricept) 0] glom olH #Hips ofAE
Zeolgta e MREEVH A5 ol
o] WBEE MBS HEAAFTE HRE A
3 o ojme uE AR Bl M5
so] wEAE B W oA el RwEel &
7} W dRAEol7 AT MEAA ThE B
o e oW ke deERIE R %‘%om
Wol jeEEE A ARV VY S Aer o
ERCI =

é*“*“?—*ﬂ@gi gigs Ry
ol wadn FRds Had %m el
By —Lﬁ” Btk BBV < BERE - fTm
w>rh, CERE, ... SEHEE, BB, .. =
R, HEHT AR EHTE, RGN
g ol e B T HREEEY iR
o AT WIS MACR “HFel thel A
5 ponstn gk e (EHHR MYe b
o] 2o EREEPYNME SRR R
e gou “BE 59 FRAAN MUY F
ke A 9l

giRol FNS T2 ek, KAk, M, i,
OBz, BRI Yos A Uy B 5
Qlon FEMRS HEEA SHEE, BB, B
HORE, RRTR, RERAK BEBS ,%W%ﬁ
SO Zoln) JEmAENE #iRe AT KM
FRSER T S BBAE, BT, UEE‘(UE‘*J%F“
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so| spEMKO] BT FRY BEoEE
BERE, EmiTR, RETE fEaE 5
ol givh

mEEALS (ERREE - WP Yo BEs
“EEANEE RIRBES BRMZH S
9} T MEE MEEAAY) RHAEE
HES MR aEnYe mkd EHO2 K
oA ZAME BEEY RK BEES A2dHE
o) EAE D U

EEA ) B Hle] e KIBH BE
AR e 2g,

B 0 FF kol B0t mmispstT #m
ZREE sege] AL, BuEe K OF &
Sol7} MmARS T WRWESE Kigol T,
KPILS i B o So7t HEEANL B
BAeESE ko) AT, Ak@e L B W =
mol Solrt muZWET Flkste hgel 3
T, AEEe O B Sagol 297 FIKBR
sta i LS ghgel A,
EFLS O BB = Sol7 mokmEste
e Y AE4ARSE Mo U5, WHE
OB N Skl Solrl BMAKSL WHRE
sm BWHFESE M) Un, ABE B
Zi8l To{rt AWMTRSL WHARSH Hi

nmr =

[e]

=

mEsE MEeol 3, BEE L B R =
ol7} HEMEFIERE L EWMEEIIE ol U,

BE®HE O I E =K &7t pmEmstn
LB idsts FdhERS s el I3, kbbe
gl Eo)7t ROLmeln EEMEe g
o] AT WREHES o1HT MEES
a3 2 o EhE I8 @ERT ohy mR
E ERARCT A AR FBREHY og ®E
3 Bzt x BEE HEsHH T

ol FEE= B B3 mLFCe PC-12 cell

b

& Bt mEEARS MEHEES 538
X, mEEAAT PMAS fdL-188 Hd F

PC-12 cellel 4] AChE, NOsI 9] #Axt 2w}
PC-12 cell M®EF9] A EA wHgo|A AChEY]
4=, APP, PS-], 29 238 S 3 2 RS
Hx, mEEAK T A scopolamined
EAeg SDA B9 A % acetylcholinesterase

DA
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9] g4 B glucose, uric acidE &Fsgom,
=g ICRA A mMBEAAE Fostz

scopolamine® B7X 8 g F Videotrack(animal
and human being behaviour analysis system)$
S8 P59 WiE BE, FHY mMEEAA
o] ADY| i3k BB 2 BEEEAC HEE F
Eatax} sk

mLECAA E 100, 50, 10, lpg/nl®) TEEAR
FoFol 94 e Wast AU, 400, 200ug
/mS) mEEAR FATe FA4 de #HAE
ek, PC-12 cellol s 100, 50, 10, 1ug/mé
o] mEBEAK FodTo] +94 A& ¥t 8
AL, 400, 200pe/mbe] mMMBEAN FATol F9
A HoFo] 400, 200pe/mbe] kA
AAL Mol o AP A&EA &x
100pg/me o) 3t 2 A A 3 oh(Fig. .

AChE #ET 28 A BETL L BHE
Vel 100ng/mée] PMASH rIL-189HE X2
3 & 58HtE dehsel dhel, 2 100,
10pg/mee]  MEEAAT 100ng/mie] PMASH
fL-182 7 AP 54L& 47 11, 13He
oz mEEARY vle¥ BAUC) 100ng/miel
PMASH rIL-18 & A2d vizaol ¥sh AChE
9 28 AAPo(Fig. 2), NOsl BET &
ol gloixxE AYETE H6HteEZ UERI
100ng/mée] PMAS 1IL-14¢& A& diz2d
& 170Hte 2 vebged whef, zZhzk 100, 10ug/
nee mEA AT 100ng/mée] PMAS (IL-18
£ A HIF B3 47 58, 65HLE
BEARY #l&F FASe] 100ng/mtS PMAS
AL-142 AEH 2T H8) NOsOg &3
S dAPL L B & AkFig. 3).
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EAN FoAFdME LdHol 2
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A BEBlA PC-12 A EFHA PS-1, PS-2¢9}
APP BEo BFBHS BN, MEEARL
< EHEI FES HEsle ZERE Western
bloto 2 FERSIATE 2ejy PSS Mol o
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=] ©.0O
#HEYEE T

APP #H°] cascade RIESCE ZFol=ExE
PKC$ MAPK ##S mZsor & Aoz 48
o

PMA (phorbol esters)9} #l#k o2 PKC(protein
kinase C)7} PC-12 MEFM APPlclone ;
22C11) HiveE BEESA ®Bm3tes Ro2 ¥8HA
Rt T3 PC-12 AESFE PS-1 #HET/F BR
BREZ BRFEE (overexpression)H o] cascadeZ
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Rl AD BEES Role BE&Y UiE EES
2 PS-13} PS-29] RHK/WRE 11 YL, PS-1
2 69 RET MBiEol de BEIL MRER
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Z uth PC-12 A EF & PS-1 EEF7t AR
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scopolamine®] €3 acetylcholinesterase
o} HBBG 9 Aoz BRI (Table 1).
AD EHEOA glucosed Eme LEHS Wil
A7l EAER 484 3lem  scopolamines
T AF A uric acide] F#EZT #mE AT
¥ #4457} 93, scopolamineS R HEHEH
acetylcholinesterase?} #inated  acetylcholine<]
s woste EE e BBE F
S A H D2 scopolamine® FEH 7|H#H
78 mE 834J Glucose, uric acid, AChE
activityol MX & E3E EASHT

Glucoser AATol 1105E79mg/dd, olRTo]
1005+ 86mg/d¢2 2 eI tacrines FoE
Gz mBEARN FATe 44 1387L
6.2, 1522+35mg/de2 JElY} 25 {4 Ue
A9 BaFa, Urc acdE Aol 167F
0.22mg/de, EHZ'—T"O] 229+0.13meg/d .2 YEN
GAPZTE 1.31+10.09mg/
e T InEEA A

<] 94/\4 ol:: 7&

ol

I tacrined ¥ g
@2 FA4 dE ZALE
Ecq:fL*O‘ 1.74+0.04mg/d¢ = G A|
2 ygden AChE activity: ATl 164
il.SU/mB, gzl 353xE15U/mE eI
tacrined 98 FAURTH mBEAL Fo
T 77 21.2+07, 247+32U0/m2 VER 2
= 894 RolFo] mEEA N
41 glucose, uric acid, AChE activityell 7|3
= 3297 oS #EY & JAHEFg 7-9).
Scopolamine #HZ FHEH HEH BE HF
a9 Morris water maze ®HS T3 LED
BOR M4 RS oS BRe oI 2o
ICRA AFZHo] pooldl A platformoZ &7}

i

L
Ae HqEE

= e AT 11.2+34(sec), WETO
806+39(sec)® WEN T, Tacrined Folgh &
ANEFL 152+140(sec), MBEAN FAT

245+39(sec)Z EF F9A v #HALE H4Y,
scopolamine®] %3 ST BWR MEIREE Y
el 91 ok (Fig. 10).

sk 22EY AF7F pooldl A platform_cli <
Zr h7hA] poololl Al &3 ol EE)E S threshold

2 $gEsted #He #EHE(small movement



olft

EREERER T E

smidist)® 22 E#hE(large movement
lardist) & o#e #EE EW smldistes ZAAT
o] 182+252(cm)Q! ©l ¥3l scopolamineg &7
of e sk A AFAY dETol 15640+
1872 EBES EFEHE EwmE Yehddaz,
Tacrine® Fo98 FHNETL 243+42.4(cm),
MBEAN FATL 461+769%(mZ #9948 o
£ 748 24 scopolamined] ¥ EHES Wik
WHBRES 372 EEE B s e
°on lardist®= ATl 7T1:227(cn), WET o)
751E792(em) 2 BT EBE EnE Jeldgl
I, Tacrine Fog FPddzTe 1171421
(cm), MBEAN FHTL 170:3L3(mo2 F#
o4 Ae ALE EY9 scopolamined] ¥ EHE
7 OEGR HHIRS et E EHBE RS
Ve A tHFig. 11).

BlEe) W8S #Es 2 wmmEARA
PC-12 cellsl#] AChE, NOsII ¢ &1 BES
MEAZH 32, AChES ¥, APP, PS-1, PS-29]
BEE WEAEE %l ScopolamineF o &
FEd aREddA Morris water maze 282
2 RBAEY RORES mRELARel ZiESN
B AR 2, glucosed] TS uric acide)
B4, 28l AChE e BAE BZsde
Y BREGLE MBEANC FZaA FEZ fF
AT F dTE AArEle Aoz A4 oy
3 AdZ e mpiEAAc] d2a885 PS-],
PS-2 2 APP BFZEE MHEEENE ANAE 9
= v}, EBIROA Efhe HRA oP BT %
Bl FEAHE 4 AS Aoz Brdn

N &R

IMBEANS HRE WFS AL, PC-12 celldl
Al AChE, NOsH 9] ##ET %8 2L AChEY ¥
P, APP, PS-1, PS-29 #HEEL #sid,
scopolamine® A3 ERolA AChES &t
% glucose, uric acid® WEsIH I, Videotrack
& T3 TEY BLE BRI R UsH e
HEMIIES #RS dA0.
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1. mnEAMNe] PC-12 celll AChE, NOsII
mRNA®] #ES MR

2. JEEAA ] PC-12 celldl AChE®] JE#S
Mk Ao

3. mEEANC] PC-12 celldl APPS PS-1
PS-2 #Ee MHIsA

4. mBEAMNS scopolamine 2 FEE HiE
R BaRe 23 & B4 A0 FEM e
glucose®] i, uric acid®) #4>, AChE §GiEe
BAE HoZYo

5. MEMEA NS scopolaminel 2 FEF i
71 BiE AAERDNAN fd4dNe BEH uE
HREE BRAF.

ke #RE Bol mBEANC] FEUZE
7 APP¢} PS-1, PS-2 #Rfol| dig MHEENE
Hol Zfbet mRe A Bkl FHHE + e
Aoz Brdd.
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