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SUMMARY

Highly bio-reactive substances from natural plants were screened, purified

and industrialized as functional foods.

The AR (amyloid B peptide) accumulates in the AD (Alzheimer’'s disease)
brain. And many researchers believe this peptide plays central role to the
pathogenesis of this disorder. In addition, AD brains are characterized by
extensive oxidative stress. That is manifested by lipid peroxidation, free
radical formation, protein oxidation and DNA/RNA oxidation. Overproduction
of AR by genetic [i.e. mutations in APP or in presenilins or the presence of
apolipoprotein F4 allele (ApoE4)] or other mechanisms (i.e. oxidative stress)
leads to Afi-associated free-radical oxidative stress. This oxidative stress is
manifested by reactive oxygen species (ROS) formation, lipid peroxidation and
subsequent modification of proteins by the reactive lipid peroxidation products
such as 4-hydroxy-2-trans—nonenal (HNE) and acrolein. Other consequences
of Afi-associated oxidative stress are free fatty-acid (FFA) release, protein
oxidation, Ca* dyshomeostasis (with subsequent alterations in mitochondrial
function, oxidative stress, activation of phospholipase A2, cytoskeletal proteins,
and induction of apoptosis pathways), mitochondrial impairment, peroxynitrite
formation, inflammatory response, apoptosis and other cellular responses.
Ultimately, the neuron dies. Antioxidants are able to interfere with most, if
not all, of these processes, including the neurotoxicity. This is consistent with
the concept of Afi—associated oxidative stress and neurodegeneration in AD
brain.

To search for a protector against Afi-induced oxidative stress, we screened
various plant material extracts. The methanol extract of Rosa laevigata was
selected by screening. The methanol extract of FRosa laevigata was solvent
partitioned with hexane, chloroform and ethyl acetate, respectively. The
second fraction of chloroform showed the highest protective effect against

oxidative stress. The fraction was separated by silica-—gel open column



chromatography. The eighth fraction (second fraction of chloroform and
methanol = 80:20, v/v) of thirty three fractions was selected. The fraction
was separated by TLC. The fifth band (R¢ value 0.54) represented the highest
activity. Then the obtained sample was dissolved in methanol and performed
on HPLC using Cis p-bondapak Mcolumn. The peak appeared at 317.6 nm. A
significant single peak was measured at 35 min. The isolated sample was
analyzed by EI-MS and “C/'H-NMR to predict chemical structures. The
protector was identified as the 1,2-Benzenedicarboxylic acid, dinonyl
ester.

In vivo experiment, treatment with the methanol extract of Fosa laevigata
increased spontaneous alternation behavior of the A 4 injected mice. Also
treatment of methanol extract of Rosa laevigata attenuated the Afi—induced

impairment of mice in the passive avoidance test.

The choline acetyltransferase activation of 90 Korean natural plants was
compared for treating AD. From the screening results, the methanolic extract
of Pueraria thunbergiana was selected as the most potent candidate
containing choline acetyltransferase activation component. The methanol
extracts of Pueraria thunbergiana were separated into hexane, chloroform and
ethyl acetate respectively. The ethyl acetate fraction was selected from the
ChAT assay. From the first silica gel column chromatography, each
subfraction exhibited high activation effect on ChAT when chloroform to
methanol ratio was 90:10. On the second silica gel column chromatography
further separated with chloroform and methanol, the fraction represented
activation effect on ChAT when chloroform to methanol ratio was 85:15. then
the fraction was purified by HPLC and identified by 'H/ “C NMR and
EI-MS. The activator is identified as the daidzein.

To investigate  the effect of  Pueraria  thunbergiana on  the
scopolamine—induced impairment learning and memory and acute toxicity in
mice, in vivo test was performed. Mice were allowed free access to water
containing the methanol extract of Pueraria thunbergiana. Injection of control
mice with scopolamine impaired performance on the Y-maze test (58%

decrease in alternation behavior) and the passive avoidance test (46%



decrease in step—through latency). In contrast, mice treated with the methanol
extract of Pueraria thunbergiana against scopolamine injection were protected
from these changes. An acute toxicity experiment was undertaken to find the
toxicity of the methanol extract of Pueraria thunbergiana on the activity of
GOT and GPT in the blood serum of the mice. Values of GOT and GPT
represented no significant differences. These results demonstrated that
Pueraria thunbergiana affected improvement of learning and memory ability
against scopolamine in vivo and suggested that Pueraria thunbergiana might

be useful for the prevention of AD.

The bio-reactive compounds of selected samples, FRosa laevigata and
Pueraria thunbergiana were i1solated and purified with industrial-level
procedure. Extracts of each samples were decolorized with low cost
absorbents and purified by ultrafiltration using Milipore masterflex system.
Finally, each purified bio-reactive compounds was formulated as the types of

beverage, capsule and granule.
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A3t A7z st} AR amyloid precursor protein (APP)9]  abnormal
cleavageZ 58 A H 40-427019] peptide = & )3l Alzheimer's disease (AD)e]
A F43k pathogenet1c material2 A ZtE o} 3t ADOIA Q] HAAAE T
Aol f19le o W3} 22k oxygen free radical® 434, reactive oxygen
species (ROS)<} 7‘3 oxidative injury”7} A7 A 113 2 pathogenesis¢} ¥
Axo] & Aoz FAHHAY AD #A9 brainodlA ©]E oxidative stress
(ROS, lipid peroxidation, protein modification, mitochondrial DNA oxidation)2]
7k SHHL dew olYgt AgH A o] 4S  amyloid plaques®t
neurofibrillary tangles (NFT)¢} & AD brain L9 UAH A3ES st}
w3l A+ intracellular free radical status® FHA7]2 =4 22 cell death
£ fFriesto] Apet HABAE g = FuAde] e Aor HAn Apel o3
ROS, free radical 59 A2 Af-induced free radical-mediated neurotoxicity
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3 A7 A A A} (nerve growth factor, NGF)YW 417 9 9%E& 2 (neurotrophin)<
Folgtr] f1sk A4 % & FolA W o]+ drug deliveryoll Al A HS 2t <)
t}. 21zte] F3E #¥E3dk ¥ (blood brain-barrier) &2 W3 E Wi ¢lil, o]
e 5= e AYdES Bolr] wEo] dejdom wedn Aa 2
< & BAEs Ze 249 T 44 gk ChEls¢b= e, 8249 Q1A &
S FHAIA F7] Y3 ChAT activator® Hi® FDA <9 °FFS o}z glo
U HL dE Kitasato AL A s 2 5B NGF-like factorE o}y,
o] o] ChAT A4S TN T= B2t ISk dA7EA] Aue] A=
v s By AR MAEEE =55 Ao AvA 3 AYAAE A5
stA] = Hotal Ak =94 A vl i FE 654 o] AFe] arElTtell A stal
AFRATE] F7F FAl met FF =908 AuAE FERE BHEAES 1F
W A mHEs 2 AAAR EA7A nEIdHH =14 Awe HA FF
HAEA ] o] g% Fasgk 91AE AAstA 2 Aol

_18_



H 2% =uiel - 7/s /e s&

Olok

Alzheimer’'s disease (AD)9] H o] amyloid precursor protein (APP),
presenilin (PS)1, PS29 #-& whujde] Fxrolf o dojdtis AL o5 o]
datmdo] AAAEe] WA AES THA = Aol AdEa vk Ho
AD 9= amyloid B peptlde (Aol ot HAMx 5y, Tga o]s o]
TZ, YRS, ¥ oto A =H o] 293t acetylcholine (ACh: neurotransmitter)
9] level & 5ol F4lo] ¥l gt

AD® A gE Wel U TERAoR AANG R Fxpe FAE T
shal, Weol MPE£eS AAAT = Fbe Fil Utk AD SAolA BHe F
St AEA L, ololA A Ao} ol E
= B FAQ 71983 QAT Aol tigh
dzaW, 5 SAE 7HA T AR7 743 A5ge] HArh

AD ##t9] oA & basal forebrain &

0] QlojA] o] HAAANEZF At synapseet w3 F o] AAo] H sl
Hol gt} ol AAMEE AAAY EZ AChE A4Fst cholinergic nerve
cellldl, = AFE = Q3|4 AD 23} ¥ A= ACh BAabko] dA A zHas of
ATE ol gk o] F=E M Aol ACh §EF EA FAAZIH 3z 719y, <
Aol A sEEvn Baug v gk AAR A olF A
¢toll 9lx= AChS Ea|A7]E enzyme inhibitorE AF&3tar Utk @A Zhako A
AHEE 3 e ADAIEAE o] ACh ®#alad oAA7F diF#ol™ tacrine,
il aricept o] ofol HFTh olffel®= v, wold 5o Ak ALTE o] of
Aol i gtk Tacrine®] Z-¢ 1F5Ade] HzHgo] AA A

o] AEH aricepte ©l# 3 F=2go] dejrta 3
171 #18lAd 2 AAID 9, gAE ofME 7ty "
= Foete dAEFHl oy W AEHEHJoH, o&
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acetylcholine synthesis activator, brain nerve cell protector®} Z2 ojg 7}%
oAlE mEE Fa, o AANGEA N oA FTIE AL E

ke gert gl

oF 4l 2
T3 Ape]l A Y ABR-induced cytotoxicityE inhibition 3= blocking A7

© 9% genetic approachdll A =u] AFH A= HlwH ks o] F

_ZI__
ofAaL ANt At Ay druge A AFg Aol
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H 3 d+ U8 H Z2

Al 14 HAZAE
Azt e o 23

1. A A
A5 AgAE Ao ZRE amyloid B peptide (AR) induced W41 =4 A
3 wEFAAE AMsta olE AAE Al7]aizk stk Al amyloid precursor

protein (APP)2] abnormal cleavage=4%E AA % 40-42712] peptide & & o
Alzheimer's disease (AD)olA % 23} pathogenetic material® A2} % o] %] a1
o} ADOA ] HAABAE HAae] gel o7 EE x|k oxygen free radical
o] A reactive oxygen species (ROS)$} Z-& oxidative injury”ZF A7 A%
v}3 9 pathogenesis®t #HHAF o] Q& Aoz FAHHEY. AD FAF2] brainol A
o] 5 oxidative stress (ROS, lipid peroxidation, protein modification,
mitochondrial DNA oxidation)®] 7= SW ¥ dom olfsr A2 At
o] A& amyloid plaques®}t neurofibrillary tangles (NFT)¢} 22 AD brain i
o] AAH AyEs Z 3ol T3 A[‘i—t— intracellular free radical statusZ
Al71aL FS5A S 2 cell deaths fr=shol Afst HABAE s3] FaAo
2wl Apel 93 ROS, free radical 5¢ A4S Apf-induced free
radical-mediated neurotoxicity2] FA& 7F&3HA 3171 wiol o] et A

30 fE Jo

%
]

A AFRel da) Aze BEAA AAL Ak wAF) wek HF
199 54 RSl QA AAA, AA WolA, AZR} 5 A4F M7
2AAN Agste] A pPoE YARA/S EAE Uehdvks AHS] B
FA A GF SRALEA AT AN 294 R A oA AT 53
& zdo] ZbsatA Brhd IRe MY AdsYe ABRAT A% AHe
gol @ & Ags gudch 4ol =D JE AA 284 3% Jse W
Mol A HANA AES Fahel it A3HA 4Ee Adon FF 3
G3k AslolA AEHAE L AT ot FHrES 4T sow
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woAgel Aee 4848 A

=
- =

M Al AH At

Aol AFEE  Affosas, ABip, hydrogen peroxide (H20s), dimethyl sulfoxide
(DMSO), 2° 7"-dichlorofluorescein diacetate (DCF-DA),
3-(4,5-dimethylthiazol-2-yl1)-2,5-diphenyltetrazolium bromide (MTT), trypan
blue, ascorbic acid = Sigma Co. (St. Louis, MO, USA)oll A 139 3L, Afigp
+ BACHEM (Bubendorf, Switzerland), Silica-gel and TLC plate & Merck
Co. (Darmstadt, Germany)°ll 4l T3t Cis-bondapak column< Waters Co.
(Milford, MA, USA)°lA 9jstsit. =3 A8 & 435 AT ICR
mouset= AEFF vlo] @ I efofoll A FFtol ALgatith. 1 vhell Al ARG

Aepe mE BF £Ee] Ak gt

rlo

PC12 cell line (Rat pheochromocytoma cell)™ American type culture collection
(ATCC, CRL-172D)°ll A <2 Frrol AR&8k3ltt. Cell cultured] AR8-¥ RPMI 1640
medium, horse serum  donor  herd, fetal  bovine serum and
antibiotic-antimycotics Gibco-BRL™ (Gaithersburg, MD, USA), sodium
bicarbonate™ Sigma Co, filter membrane (pore size 0.22 m)T Millipore

Co.(Bedford, MA, USA)°l A T4 3t}

g, 49

1) 484 EALdezRE AR Ax

A8 B2 S Scheme 3-1-1 oA FAF AAFH ASF= Atk 79 A
5E A9 FF Owdd we 100TeA 533 A4 24 245 49 A7
w1 & 7,000 rpmol A 30%3F FA RS ASHS FAAZE S| Fr. 19
NBE =AY AAELE AxAZl & d£Z0F  hexan, methanol,
ethylacetate =22 3FF5 3 H 479 A5ds 5 52 7% Fr.
o, m, v& 43
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Blanching
g for 5 min at 100°C
Homogenization

Centrifiygation
fior 30 rrin nf VIKKrpm

| T

SUL:':I'lhEllm!ul Precijpetant
-l Lyophilization Diryiing
Fractiom [ Extraction with hexane
| Filtration
J. thdd
Supemntant I‘rt:lgimm
é Lyophilszation | Thying
Fraction I Extrction with methanol
Filtration
v
Sypernatant Precipitan
4. Lyophilization Deveng
Fraction (1 Extraction with waes
Filtration
v
Supermatant P‘I{tim[ant
¢ Lyophilization
Fracthon [¥

Scheme 3-1-1. A &4 EAYOZHY AFTFES T AAAE A
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2) In vitro assayAl ¢ &d € FH ALAHE 1x AA

HgAEAdE e FEx2d3 Wl w2t Ass FE2T 5 AAA
X I AFA S A o= 2t ol A A e PC12  cell&

t

antimicotics/antibioticsE 3 RPMI-1640 w =]l A w38t A X7}
10-10° cell/me7F =9S W 10 uM<e AR proteing A& 3Fe] oxidative
stress& fr =gk}, Af-induced oxidative injury & DCF-DA
(2’7" -dichlorofluoresine diacetate)E |83t A A E oxidative stress &
% & spectrofluorometerg E3lA =43}, o] & oxidative stressel] 2] 3g+
cell cytotoxicity®™= MTT assay® &3t F4sta dz2a 3 482 E44
S RFE FEI FEAS AAEe 3 Alulgh

3) Cytotoxicity test

#1el  in vitro assayAlel st 7} HAEE HAAHH AlEE MTT
[(3-(4 5—dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide] 3 #&
cytotoxicity test HH O &2 cell A4S AAE.

71 FRAAE ELE invitro AWl 24, FEES % FERAS B AEE

[¢)
zZt A HFABZ AR in vivo testS A A E

In vivo behavioral testE 913+ ICR-male mouse®t HEAAH A5E TEdE=R
variatione 7ol FHSTE HF A AlEe ZF groupd =HIE 10vHE 9
mouse®] AH-FA A F3F1, ICR-male mousex 20-24 T, 30-70%2 A 5=

= zt= 12-photoperiod chamberoﬂ A foodE ad [ibe HEIZ FF3T)

4) In vivo assayAl® 8¢ 2 HAFARY in vivo 84 53

In vivo behavioral testE 93] ICR-male mouseE =H|sl1 HEHH ANBES
Z} groupd dose dependent 3FAl A|FdTh ICR-male mousew 20-247T,

30-70%2] HUFEE ZF=  12-photoperiod chambero| 4] A58kt Scheme

3-1-2¢} o] injectiond $ in vivo EAS Al st
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215 24t 28

0 day day day day
. _________________________________________________________________________________J
A A A A
Feed Icv
start injection
Y-maze Passive
test avoidance
performance

Scheme 3-1-2. In vivo experimental design

7} Y-maze test
#19] 2147 ICR-male mouse food®t AAARE °F 353t ad libe] JH=
T3tk Au fuAd EdEE ARE 1LC.V (intracerebroventricular) injection
3ol Z+Zt @, ®, © Al 719 armsE ZEE Y-mazeol A dEAAS A A3
Y-mazerx Zo°] 325 cm, E°] 15 cm 233 Yol 4 ecmEX 2219 armE A,

Eo17F armsE 7] &3t MouseE armol] ¥l ofF ¥ A=
A EA FAolEE Eoh AYE AEEal armel F

]

T FAE A,

il
32

}) Passive avoidance test
#1e] =1 A% ICR-male mousex food$t AAAEE oF 353 ad [ibe] eI =
Fastth Au) FEd EA2ZE ARE 47 test Mol LC.V injection 3Fo] 7]¢]
g AYS AT o] A2 AA Aol 5oty ddel 7194Aet 2
Aol A trainings A7 TS BEAES AASTH BE mices: HFE A A
B A Ag FACEODA-HWDA, &3 glea-HHDA, &

o

=
AlBE Zo  24AZF FHol &£dE gl W&
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ot A @)

5) &4 phytochemicals® & % AA

>

AAE F92 (Rosa laevigata)E hand mixerZ # A 73 & 2 kgo] &<
2 methanol 58] F-I 2 4T A 25 &< AXA7|WA 53] F&3 F 7

=
&4 F53t9] FYA methanol FEEE ZASIY. FEFEZ5E methanoldS ¢

I~

e

A3 A7 & hexane, chloroform, ethyl acetateE Z7F 38 292 37 3
sto] 12201 =4 #elE AASA T %% crude methanolic extract™ =
%o wel solvent partitionings 2 A8t Al &8 Gl rt. A &4 o]
=4 Y& RBRES X3 open  silica gel column  chromatography
(CHCIzMeOH)= Al&3te] 11719 Z&+#¥ (CHClxMeOH = 100:0, 90:10, 80:20,
70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, 0:100)o.2 ® & s}t 7o &
g5 Afi-induced oxidative stress A3 &4& FHste] 1 T A Aol =
< 8-S AAstel et

AAH B 2SS preparative silica—gel plate (glass, 100 x 200 mm)Z A}-&3}o]
thin layer chromatography (TLC)E A3t A4 &< 3 x 10° mg/ml ¥
=2 methanole] =¢ % 05 wA 43] spottingste] A ZFAZl 3 chloroform ¥}
methanol (80:20, v/v)o.2 A & A &S 543t bands 23+
t}.

a7 A bandE Waters 2690 HPLC®} Waters up-bondapack Cig revers
phase (3.9 x 300 mm) columne AM&ste] &4 E4d& FE33th 0-100%<]
methanol?t &9 ZMdwx a2 ®stE Fo 80 &3t Hdstrt. 37 W9
= 190-800 nm= A 3ta flow rate= &9 1.0 M= 3 ow sk 10 wA
AE FY9& 9tk AFS &l 55 methanold} 32 S/FFE AFESSTH

(Table 3-1-1).

o
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Table 3-1-1. Condition of the analytical HPLC for purification of active

component from Rosa laevigata.

Instrument Waters 2690

Detector Waters 996 (at 200-800 nm)

Column i- bondapak Cis (reverse phase, 3.9x300 mm)
Flow rate 1 m¢/min

Mobile phase 0%6~100% Methanol (gradient elution)
Injection volume 10 wl

6) AA &A phytochemicals® TZ #|43 +2

AAY 24 (4 mg< 'H-NMR (600MHz)# “C-NMR (MHz) (Brucker
German, Advace-600)E o]&3te =A3Foed, AAE 4 (Img)e
Electronic ionization (EI) mass (JEOL, JMS-AX505WA)E o]&3ste] 1 Fx9}

mass sizeEs SA3A

3. 2%

7h Ad AERdozRE Y HAZAL B5EA HA

1) In vitro assayA ¥
=

NEABANL TgO

o
ri
BN
Y
:J_‘
ol
e
2
k=)
i)
>
Al
il
o
ri
e
-
2
o
X

Ll
dot
iy
ol
2

X AALAE AES AASYE 923 2S in vitro assay

t}(Scheme 3-1-3).
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Cell were cultured in 96-well plate
(100 #¢/well, at a density of 106 ~ 107 cells/m)

l overnight

Treated with 20 #£ of sample (1 mg/mé)

l for 48 hr

Treated with or without 40 4 of 500 uM H,0,

l for 2 hr
Incubated with 40 £¢ of 250 uM DCF-DA

\ for 50 min

Quantified using fluorometer
(Excitation wavelength 485 nm, Emission wavelength 535 nm)

Scheme 3-1-3. Analysis of oxidative stress using the
2°,7°~dichlorofluorescein diacetate (DCF-DA)

2) YAFAE &40 2HEY HAE RIHRY P4

A4 4E29E Scheme 3-1-1914 FAE ANY AFFE A & NEE
AA FA7NE ol g8 WHE &8 F AT FIAZ o ¥sFEY
2 (Fr. 1)o2 33 ZAe ez §F &89 45332 (Fr. o2
gtk AL A dYgLE §FFE0n FF5AL 2 A2 vBEEFE
Y2 (Fr. ez ZAS T vl gos AE A g2 8F 5239 &
g422Y9% (Fr. V)22 §glnh o9 o] ZAE ARE o&3td HAX K

- 29 -
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T AES AT A WS EE (Fro 1), iFEE Fr. ), €55% (Fr.
ol &4 HEZF E7beskidth. Table

v
32
~

MeAE »s &37 w$ v
3-1-23} Fig. 3-1-1014 uepdl vie}l o] Wet&F=E5E (Fr. DA = &3}

AA, FF, FYAL Fe ARE B
Table 3-1-2. Protective effect of the Korean traditional plant

extracts against oxidative stress

Protective
Sample name scientific mame
elfect ()
Beefsteak plant Perilla sikokinna 89.9
Tosapn Cuscuta faponica 931
Hasunh Polygomem multilorum K85
Pumpkin Cucurbita moschara 32.1
Hwangjung Podygonatiun sibiricum Red 49.5
White leck Alltum fisoulosum 841

_30_



Frotective

Sample name Scientific name effect (%)
Solomon’s seal {stem) Polygonatum faponicum | slem) 614
Wild chrysanthemum Chrysanthemm morifiliim L

Chinese quinge Preudocydonia sinensix 682
Dandelion Taraxacum platycarpim TR.6
Peppermint Menig arvensis var. faponica 740

Cactus Chpeniier ficas-indica Mill. Soboren i
Muakino

Barley Hordewm wilgare var. hexastichon BE.B

Bipa (leaf) Eribatrya faponica 532

Mulberry {leaf) Movux alha 732

Mouniain berry Rl corgpnus 02.2
Sansoovi Cornus officinalis w7

Eumynngquak Epimedivm korearum H83

Pomegranates Punica granatum 0.7

Wormwood Artemizia asiatica i
(o b continusd)
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Protective

Sample name Scientific name effect (%)
Sweel potaln fpomoed haigy I .7
Dried persimmon Duizeprvwy kaki (dried) 847
Cherokea rose Rosa laevigata 1003
Dongkwa Benincasa cerifera Savi, 96.1
Maokdanpi Pagonin siffriticosa Andrews E&.3
Dropwort Oenanthe siolonifera 5.2
Bangpuny Saposhnikovia divaricata 61.6
Haekbongryung Pavia cocox Wolf, T6.1
Scallion Allinm tuberosim R
Apricot Prumus armeniacs wir, ansu 35.3
Spinach Epinacia olevacea L. T9.8
Osuyu Evodia afficinalis 30.1
Pine nuts Pimis kovaiensis 70.9
Ramboo juice RS 95,2

Niekakd var, borealis Nakaki
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Protective

Sample name Scientific name
effect (%)
Araliaceous shrubs
Acanthopanarx sessiliflormm T8
root bark
Fruit of the Max-
J e D ! Schizandra chinensis 6B.9
imowiczia chinensis
Citron Cltruy funos £0.9
Clematis Akebia quinata 658
Ginseng Funax graseng K76
Honghwa Carthamus Hnclorins 99 .4
Jandae Adenaphora tryphilla var. japonica 975
Plantain Plantago asiatica 96,7
Gardenia seed Crardenia javminoides 074
Chicory Cichorium infybus L. 90
Trnfoliate orange Poncirus trifoliate 1076
Swecthner Rosa rugosa 104
Sunflower Helianthus annus 06.6
Uncleaned rice Enwrvale ferox 941
{10 be continued)
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Protective

Sumiple nume Scientific name
effect (%)

Persimimon leal Diersgryron kaki (leal) 459
Licorice rool Chveyrrhiza glabra 589
Cinnamon bark Cinnamamin fowrelri BT.7

Chinese matrimony
; Lyciwm chircnse 5.7
vine

Shepherd's purse Capsella bursa-Pastoris 853
Giroen tea Cinamomun eamplrora 014
Kelp (Dasimn) Laminaria japonica fh.2
Milk vetch Astragalus membrandees 61.9
Angelica Angelica gigas 49.7
Jujube Fizyphus fufiche var, inermis 63.5
Dedug Codonosis lanceslata 807

Balloon fower Platvoodor grandiforum it
Doochung Encommia ulmaides B7.9

Doochung {leal) Evcommin nlwroides (leal) B7
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Fig. 3-1-1. Protective effect of the plant extracts against

DCF formation (oxidative stress, %)

2 3 4 5 6 7 8 910111213 14151617 18

Sample

oxidative stress.

Group C was untreated control cultures. Group H was treated with 100
UM H20,. Group V was pre-incubated with 100 uM Vit C for 48 hr before
H-0O- treatment. Sample groups were pre-incubated with sample (20 @, 1
mg/m¢) for 48 hr before H,O; treatment. Data represent the mean
(n=4)£S.D.

1: Cinnamomum loureirii, 2: Capsella bursa—Pastoris, 3: Cinamomum
camphora, 4: Eucommia ulmoides, 5. Eucommia ulmoides (leaf),

6: Chrysanthemum morifolium, 7: Rubus coreanus, 8 Epimedium
koreanum, 9: Punica granatum, 10: Carthamus tinctorius,

11: Adenophora tryphilla var. japonica, 12: Plantago asiatica,

13: Gardenia jasminoides, 14. Poncirus trifoliate, 15: Rosa rugosa,

16: Rosa laevigata, 17: Benincasa cerifera Savi.,

18: Sasamorpha purpurascens Nakaki var. borealis Nakaki
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Y. 439 HAX &4 B3 EA9 cytotoxicity test

AR A8E MTT [(3-(45-dimethylthiazol-2-y1)-2,5~diphenyltetrazolium
bromide] cytotoxicity test (Scheme 3-1-4)¥MY o2 cell AL HAIYZ 2
43 540 g&g A}t (Figs. 3-1-2, 3-1-3). AR A8E F /M ¢A
Q) RIFNE BQ FYAE HE Ngz HAI}F[

Cell were cultured in 96-well plate
(100 u2/well, at a density of 108 ~ 107 cells/mt)

overnight

v

Treated with 30 £¢ of sample (1 mg/me)

for 48 hr

A 4

Treated with or without 10 4£ of 3 mM H,0, for 2 hr

or
Treated with or without 10 #£ of 300 uM AB,._,; for 24 hr

v

Incubation with 10 2¢ of MTT stock solution (2.5 mg/mé)
for3 hrat 37C

A 4

Adding 150 #¢ of DMSO

l reaction was stopped
Absorbance was determined using microplate reader

( test wavelength 570 nm, reference wavelength 630 nm)

Scheme 3-1-4. Assessment of cell viability by MTT reduction assay
- 36 -
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C H \% 1 2 3 4
Sample

Fig. 3-1-2. Protective effect of the plant extracts against hydrogen
peroxide-induced cell death.

Group C was untreated control cultures. Group H was treated with H.O. (Il
100 uM, M- 200 pM). Group V was pre-incubated with 100 uM Vit C for 48
hr before H:Ostreatment. Sample groups were pre-incubated with sample (30
w, 1 mg/ml) for 48 hr before HyO: treatment. Data represent the mean
(n=4)£S.D.

1: Chrysanthemum morifolium, 2: Gardenia jasminoides, 3. Rosa laevigata,

4: Sasamorpha purpurascens Nakaki var. borealis Nakaki
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Fig. 3-1-3 Protective effect of the plant extracts against
Ap-induced cell death.

Group C was untreated control cultures. Group A was treated with A
[ (M 10 pM, B8 20 uM). Group V was pre-incubated with 100 uM
Vit C for 48 hr before A[i treatment. Sample groups were
pre-incubated with sample (30 ¢, 1 mg/ml) for 48 hr before Al
treatment. Data represent the mean (n=4)+S.D.

10 Chrysanthemum morifolium (£=38}), 2. Gardenia jasminoides

(X 2}), 3: Rosa laevigata (S8 A}),

4: Sasamorpha purpurascens Nakaki var. borealis Nakaki (5%
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t}. In vivo assayAlY FHI} JAFAEY in vivo A L SAAA}
In vivo behavioral testZ 98] ICR-male mouseE FH|dlal HFXAAH ABS
7} group@ dose dependentd}Al A& 3t} ICR-male mousets 20-24C, 30-70%

o] AHEEE ZtE 12-photo period chamberol] A A58k},

1) In vivo cytotoxicity test

ot
Me
m

F I AHRosa laevigata) FEE°] W3 methanol &S H==E (0, 400, 800,
1200 mg/kg)=2 st 54 AgS AAS Ay A A - $9] body weight check
oA HIAAAR] WEE AR FUrt 53] ol #AGlel 4 groupd =
£ mice?] HEE] 100% % tH(Table 3-1-3).

Table 3-1-3. Survival rate of experimental mice

Group Dose No. of mice 1\.10- of . Survival rate
(mg/kg, day) survival mice (%)
c - 8 8 100
A - 8 8 100
R400 400 8 8 100
R800 800 8 8 100
R1200 1200 8 8 100

Group C : Injected with Af4-1, supplied with water

Group A : Injected with Afi-4, supplied with water

Group R400 : Injected with Af1 4, supplied with methanol extract of
Rosa laevigata (400 mg/kg, day)

Group R800 : Injected with Afi; 42, supplied with methanol extract of
Rosa laevigata (800 mg/kg, day)

Group R1200 : Injected with Afi; 4, supplied with methanol extract of
Rosa laevigata (1200 mg/kg, day)
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2) Y-maze test

#1e] =A% ICR-male mouset™ food®} AAAEE oF 3577 ad [ibe] “4H
2 FEsd. 29 fEA Ed=2E ARE 1CV  (intracerebroventricular)
injectiondte] 21zt @, ®, © Al /M9 armsE zZtE Y-mazeoll A S5 Ad S 4
Aty Y-maze= Z9°] 325 cm, =°] 15 cm 283 Yol 4 cm24 Z+ZH9]
arm< A, B, C2 A3 g 97 armsS 7153t MouseE armoll ¥ il of
9 A5 Qle] 8 & s AREA fHolxs Frh aglE Al9dal armeol
7 Sdo] 5ot As FAHs 2 FAE AAte

2 FAEA %E control groupe ARES groupdll HIBIA ¢k 15% o]A4Fe] ¢t
A= brain FAS YERAI I 400, 00, 12009 sample —Eroi group< control
group®| brain A3 Hlwd v Ao TAY 23|y ¢ & FAHS BT o]
= F92 sample (Rosa laevigata)©]l ARY T3Z blockingdte]l 719 control
T brain G402 I EATIAY 2388 dATHY FFE AL ES o
gHeh(Fig. 3-1-4). 18]a1 ApZF A AL 57159 Ast7t obd 7198569
Aslrs st AS A&7 F arm THIFE A4S 23 group

kel Aol = §12 E]’(Flg 3-1-5).

lo
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Fig. 3-1-4. Protectove effects of Rosa Ilaevigata extract against
spontaneous alternation behavior.

Group C was injected with Afigp 1. Group A was injected with 410 pmol of Afl
1-42 per mouse. And sample groups (R400, R800, R1200) were injected with A
[}1-4 after supplied with methanol extract of Rosa laevigata (400 mg/kg, 800 mg
/kg, 1200 mg/kg per day). Spontaneous alternation behaviors were measured
during 8 min. Values indicate mean (n=8)+S.D. *P<0.01 vs Control group,

#P<0.01 vs Af 4 group.
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Fig. 3-1-5. The number of arm entries in the Y-maze test.

Group C was injected with Afip-1. Group A was injected with 410 pmol of Af
1-42 per mouse. And sample groups (R400, R800, R1200) were injected with A
(1 4 after supplied with methanol extract of Rosa laevigata (400 mg/kg, 800 mg
/kg, 1200 mg/kgper day). The number of arm entries was measured during 8
min. And the number of arm entries did not change (P<0.01). Values indicate

mean (n=8)+S.D.
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3) Passive avoidance test

9] =719 ICR-male mouset= food9t MAARE °F 3573 ad [ib2] 4 H
2 gt X A Ed2ZE ARE 47 test dol LC.V injection &}
7199 Ads él’\]@‘ﬂr. of AF 2 AA Al Eol7tr] Hel 7|3t 2
AlZL o dEAES AAST BE miceE AF Wd
A Al A FHREEDA-FDA, 23 fle-PWHA, &3 AH)S

=
AARE Foll 2443 FHell &ade glar B2 3= AHCdA 1 U}E]% 300 sec

S

rlo
o
> b
>
—t
=
.
B.
j)
©
filo

ARS FAEEA ¥& control groupe AR groupol] HlEA 9oF 120 sec A%
kA 7Sk ES Y 400 sample $9 groupS ARS 7|95 %

EAZIAY B/dustA] Kt s TF 800, 1200 group<
control group? s ® A3 ¥l w control groupd AL AU A3
st QAAFHY &S HAFAY. o= T8 A Rosa laevigata) sample®] Af
o] 719gtEsd As a¥ (JIATHY FdHEsEHY FHAFE)E blockingdhod
control groupe] HoFE <¢lx THE UEHWZoZH HAIL ANEAES A
FAoR BE/IBAAFS skt (Fig. 3-1-6).

Jn
2
%

(nt
] U

O
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Fig. 3-1-6. Protective effect of Rosa Ilaevigata extract against
step—through latency in the passive avoidance test.

Group C was injected with Afp-1. Group A was injected with 410 pmol of Af
1-12 per mouse. And sample groups (R400, R800, R1200) were injected with A
[}1-42 after supplied with methanol extract of Rosa laevigata (400 mg/kg, 800 mg
/kg, 1200 mg/kg per day). The step-through latency was measured during 300
sec. Values indicate mean (n=8)*S.D. *P<0.01 vs Control group, #P<0.01 vs

Afl1-42 group.
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2 AAE HA3 AE BRSEFY F& 2 A

1) @4 phytochemicalsd & Z AA

AARE FB2 (Rosa laevigata)S Scheme 3-1-50] W}l F5& A A gto] A3
45 stk (Fig. 3-1-7). A& &Ade] =A W2 FEE 7FAIL open
silica gel column chromatography (CHCl3MeOH)S Al8)ale] 11709 A3
(CHCI3:MeOH = 100:0, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80,
10:90, 0:100) 0.2 #3) skt 22be] #3518 Af-induced oxidative stress A3
G4E S48t 1 F As o] E=e 8020 RS HdAS EEskAv
(Fig. 3-1-8).

AA" B 2SS preparative silica—gel plate (glass, 100 x 200 mm)Z A}-&3}o]
thin layer chromatography (TLC)E A3t A4 &< 3 x 10° mg/ml ¥
=2 methanole] =¢ % 05 wA 43] spottingste] A ZFAZl 3 chloroform ¥}
methanol (80:20, v/v)2.2 A & A &S 5439 bands 28+
t}(Fig. 3-1-9).

Fa® A bandE Waters 2690 HPLC®} Waters p-bondapack Cig revers
phase (39 x 300 mm) columnes AREsle] A EAS 2359 t(Fig.

3-1-10).
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Rosa Laevigata (2 kg) +MeOH (10 1)
shaking for 24 hr
and filtering (3 times)

Evaporation
MeOH exiract (300 g,

if Vive experiment)

MeOH extract (620 z)
adding distilled water (130 mi)

Water layer
laddjug hexane (390 mi, 3 ames)

Mixing and standing for 24 hr

L 4

Hexane layer

!

Water layer

adding chloroform (390 mf, 3 fimes)

Chloroform layer

L

¥
Water layer

adding ethyl acetate (300 mi, 3 times)

# Ethyl acetate layer

¥
Water layer

Scheme 3-1-5. Solvent partition of methanol extract from Rosa

laevigata
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Sample

Fig. 3-1-7. Protective effect of solvent-partitioned Rosa Ilaevigata
extract against oxidative stress.

Group C was untreated control cultures. Group H was treated with 100 pM
H202. Group V was pre-incubated with 100 pM Vit C for 48 hr before H20O:
treatment. Sample groups (H1 ~ H3: hexane fractions, C1 ~ C3: chloroform
fractions, E1 ~ E3: ethyl acetate fractions) were pre-incubated with sample
(20 w0, 1 mg/ml) for 48 hr before H>O. treatment. Data represent the mean
(n=4)£S.D.
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C H V 12345678 9101112131415161718192021222324252627282930313233

Fraction

Fig. 3-1-8. Protective effect of Rosa laevigata extract against oxidative
stress by the silica—gel open column chromatography fraction.
Group C was untreated control cultures. Group H was treated with 100 pM
H>0s. Group V was pre-incubated with 100 pM Vit C for 48 hr before H20O,
treatment. Sample groups (fractions 1 ~ 33) were pre-incubated with sample
(20 ¢, 1 mg/ml) for 48 hr before H:O: treatment. The fraction was
separated by stepwise gradient consisting chloroform and methanol (100:0,
90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, 0:100, respectively,

repeated 3 times). Data represent the mean (n=4)+S.D.
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Fig. 3-1-9. Protective effect of Rosa laevigata extract separated by
TLC against oxidative stress.

Group C was untreated control cultures. Group H was treated with 100 pM
HxO.. Group V was pre-incubated with 100 uM Vit C for 48 hr before H2O-
treatment. Sample groups were pre-incubated with sample (20 xf, 1 mg/m¢) for
48 hr before HyOz treatment. The fifth band (R¢ value 0.54) exhibited the

highest protective activity. Data represent the mean (n=4)+S.D.
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Fig. 3-1-10. Isolation and purification of Rosa laevigata extract by
HPLC.

The data were collected over the range 200 ~ 800 nm and detection was
performed at 317.6 nm. A significant single peak was measured at 35 min. Cyg
u-bondapak reverse column: 3.9x300 mm, mobile phase: 55 min gradient of 0
~ 100% methanol in water, flow rate: 1 ml/min, detector: PDA, injection

volume was 10 g0 (20 mg/ml).
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2) A A A phytochemicals® FZ 3|43 4

AAE 524 'H-NMR (Fig. 3-1-1D% "C-NMR (Fig. 3-1-12)& °| &3} =
Aeden A" 22 (1Img)S Electronic ionization (EI) mass (Fig. 3-1-13)
E o]&3te] 1 x99 mass sizeE ST A SAHEHLS A 4189
1,2-Benzenedicarboxylic acid, dinonyl ester® 234 o (Fig.
3-1-14).

Fig. 3-1-11. 'H-NMR spectrum of active component from Rosa
laevigata.

Sample was dissolved in MeOD (methyl-d3 alcohol-dl) and recorded on high
resolution NMR spectrometer (Avance-600, Bruker, German) operating at 600

MHz and 25C.
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i llu.U-A A

Fig. 3-1-12 . BC-NMR spectrum of active component from Rosa
laevigata.

Sample was dissolved in MeOD (methyl-d3 alcohol-dl) and recorded on high
resolution NMR spectrometer (Avance-600, Bruker, German) operating at 600

MHz and 25C.
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Fig. 3-1-13. EI-MS spectrum of active component from Rosa laevigata.

The spectrum was recorded on positive ion EI mass spectrometer (JMS
AX505WA, JEOL, Japan).
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H;C(H,C)50 0

O(CH,)gCH;

Fig. 3-1-14. Supposed structure of protector against Ap-induced
oxidative stress.

In current study, the protector is guessed as the dinonyl phthalate. The
1,2-Benzenedicarboxylic acid, dinonyl ester has a benzene ring and

two ester group.
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[e]
cholinergic neuron®] <A 58S A3t Y= AL

< 3 2 HAT =14 A w3
2ol 9lolA ChATS 42 w43 HaHeE 23S & 5 33, ChATe 24 %
7F 2% o] acetylcholine®] ¥ %7} Yolztt ChATE 2179 pre-synaptic F-&¢l
] choline¥} acetyl-CoAZH-E| acetylcholines AAsl+= 42 FAS F2A]

AF7] & A7 AdAAA (nerve growth factor, NGF)u /\17ﬂ°ﬂ°k“’él
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factorg ZrolWlal, o] Edo] ChAT &84S A= ®art At

B oATto] A}83F A (Pueraria thunbergiana)= F3ol] =y ofglafito] ©
=R SEver 4R e b FAFo|y =AY 22 £33 Agoh H2 oF
70%7F B2 Ho] lov 1 vl FE, AR, 9ud, AR, <l vE T
Z1F 5o o tol=AQl, tel=X 5 45 Wi e ofE AL uA
st s W e Adol 5o Aok F9 oY &2 A8 ol o #9 o
718 =%v o ® Zol7|& st HEE e 7], FE, FAS, AdSol e,
Ty, AAL ol Fo oko g 0T, Hdk HES E g vtgE & o
oA E5S Fud 22t o] Yok Folu e WAlE o oA ‘F
oz e ofE AL YA st £5& FoFH Jutow FA sta AsE
2 Al sk SEA U ZASdd obF o) gl Hof glom I Ylox FF
2 g v Sox= gt doa dEA Aot

2 AFoM= AAA g ExYo] FEE W3l choline acetyltransferase
(ChAT) &7 HMAANA 7HE =2
9] methanol FEEZ5FH 4L
Ay P aHE a

s

45 ®Wel 2 (Pueraria thunbergiana)
°] ChAT &4 =9 2

T2A 548 A8 498 dud

Mr o
Ach
ol
a
e
P

2. A5 2 APy

7t AR

2 Yo AEE ARES AE AEAFeA HFH F4skith. Choline
acetyltransferase & EE Z%3}7] 93] choline chloride®} eserinhemisulfate,
sodium tetraphenylborate, toluene< Sigma A% Al&33 oW, acetyl
coenzyme A [acetyl-1-"'C]¥= NEN (Boston, MA, USA)Z 5-E] +¢3te] AL&3}
Atk Aquasole Packerd(CT, USA)olA TYh3tgom cell cultureE ¢34
minimum essential medium¥ FBS (fetal bovine serum), Trypsin-EDTA,
Penicillin-Streptomycin< Gibco-BRL™ (Gaithersburg, MD, USA)A| &S A4
st A9 B4e 98] Analytical HPLC columne p-bondapack Cig
reverse phase (3.9 x 300mm)E Waters Co. (Miliford MA, USA)lA T3}
AREEEATE ES AT A3S 98 ICR mouses AEFF Al Zgdol AL

shelch. 1 whel BAol AE T Aoke BF EF 579 Aeke Agagt

=
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F. 4g

o H

1) olAEZ2d FHEL 843 EZY AMAE Ax

A AEAEAA S AF-HA 13 o] AlEFE St T AREE T4
g A5 FHetA X2 AmRE FEEe] 9o FF el ol 100TA 5
I B B4 G A A7 #4F F 7,000 rpmeol A 30E-7F HAE
g3ta Asds FAAE 5t Fr. 19 A& ZASAT JAdES dx2Az
& 142 0 Z hexan, methanol, ethyl acetate 2% IHFF= 3 5 4249 A
sHe 5, e44dx 8o Fr. I, M, V& AUtk

2) olAEEH FHEL
7h otAE =Y FA T A Z4e 3 in vitro assay A ¥

MC-IXC cell¥ antimicotics/antibiotics& 33 MEM ul] %] o] 4] n
of AX  F7F 100-10° cell/ml7t HUS w cell lysis buffer® o] &8¢
cellZ % ¥ choline acetyltransferase (ChAT)E ZA ¢t} Enzymed T %+
Bradford & o]&3o ZAH3l 10,000 x golA LAEE 3l A&
crude enzyme (ChAT)® 7128 (50 mM Potassium phosphate buffer,
0.1 mM Eserine, 8 mM Choline chloride)® 25 pM[1-"*CJAcetyl Co AZ
Y w3 A7 % toluene®} Aquasol® cocktail® S Wil wHg A XAl A
A a2 A5 HE liquid scintillation counter® o] €3t =4 3t} (Scheme
3-2-1).

==

o2
ol

-

Crsde encymme extract 200l + Substrage 100 ol 30mMd K<phosphate buffer
i {1 mM Eserine
Sample 100l | fAm Chaoline chlorde
| 25ub [1-"%C] Acetyl Co A)

l ITOC, 60 min incubation
Smg'ml Sodivm toraphenylborate Iml & [Tolame+ Adquasoli 1 :25400) 2ml
Mixing
Cfg. w II'-'mmrt_T. I (irniin
Supematant Ll + [ 'I'+Ml:25L1r] + | Ethanol{7:3) | 1ml
l]n scintillation vial

Rewd with liquid scintillation counter

Scheme 3-2-1. ChAT assay for screening.
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Qg Tl A F%
2

T 1 F 100 pb (250 pe/me)

rot
N
N,
N
N,
1o,
ot
Eh

el
&

1 mg/mle] A g2 T
7

714, enzymed A o] HbS A

) olMEEY A EL S AR 23 2 U

MC-IXC cell& antimicotics/antibioticsE 33 MEM H] %] ol A ul %3}
of AEF7F 10°-10° cell/ml7t =A< F%3% samples H7bdich. 39
A3 T cell lysis bufferE o] &3}¢] cell2% ¥ choline acetyltransferase
(ChAT)E ZA gt 10,000 x golA LAEZY 3o d& ChATE
Bradford assay H< ©]&3d ©9Wd AHHFS 3 F 7HEHQ® mM
choline chloride) 90 p09} 25 pM [“C] acetyl CoAE #H7bsle] 37TIA 60
7+ incubationA Z1tF. A A ¥ acetylcholine® 5 mg/ml  sodium
tetraphenyl borate®} Toluene+Aquasol solution® @ A& 3 % 3,000 rpm
A AR dto] AE=HS FHslal o] E liquid scintillation counter® =
7 gt} (Scheme 3-2-2).

\d
&

* A= (%)

= {(sample reaction—-enzyme reaction)/(enzyme reaction)}x100

2}) In vitro cytotoxicity

919 1, 22} screening < &3l A R ANEE MTT
[(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide] %3 #&
cytotoxicity test WHOE cell SAS AL A7) SAHAAS EOZ in
vitro Hdl 4, FEE5 2 F5AAES B AEE 4 AAE HFAEE HAA

3+ in vitro, vivo testE 3 $H(Scheme 3-2-3).
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Sample_‘_IOO e

After Sda
MCIXCeell 2 Erpyme 200 /22 +Substrate 100 £ (50 mM K-phosphate buffer
120x10" | 0.1 mM Eserine
8 mM Choline chloride
25 uM[1-4C] Acetyl Co A)
+K-phosphate buffer 100ul

37 9C, 60 min incubation

v

5 mg/me Sodium tetraphenylborate 1 M + [Tolune + Aquasol (1:250) ]2 M

Mixing

!

Cfg. at 3000 rpm, 10 min

Supernatant 1 M¢ +[T+A (1:250) + S = Ethanol (7:3) ] 1 M

In scintillation vial

Liquid scintillation counter = read

Scheme 3-2-2. ChAT assay for second screening

_59_



Cell were cultured in 24-well plale

(1 mlfwell, at a density of 10°~107 eells/ml)

{or Z24hr

*
Treated with 30 pl of sample (1 mg'ml)

for 2dhr at 37¢C

-
Added 250 pl of MTT stock solution (0.5 mgml)

-
Incubation for 40 min or 210 min at 377

-
Medium sucticn

-

Added 100 ul af DMS0

|

Transferred to 94— well plate

!

Absorbance was determined using microplate reader
{Test wavelength 570 nm, reference wavelength 30 nml

Scheme 3-2-3. Assessment of cell viability by MTT reduction assay
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3) In vivo assayAd FHIH} AFA R in vivo X L =4 HA

A FEE ICR mouse GFH)E ME A F9sto] A&t A&
S 297 AN F FHF AR BARE 015%, 0.32%, 053%=2 Eo =
oA Z+ groupd FHE 109F2] 9 mouseo] 3F7 F9 3T Mice: 20-247TC,
30-70%2] A& ES zt= 12-photo—period chamberel] 4l food and waterE ad
lib. 9 JH 2 FF3A9 Y (Scheme 3-2-4).

ow

Daily administration of various doses of PT

-2 -1
-21th day
(Feed start) Sco—pl—olamme:)l;()—lamine
injection & injection
Y-maze and
Passive
avoidance

Scheme 3-2-4. Experimental schedules for pre-treatment for 3 weeks
various doses of Pueraria thunbergiana (PT)

7} Y-maze test

Auf 9 EZZ scopolamine (1.0 mg/kg) 100 wS a3 Ao FA
3o A A Al memory impairmentE % 3 tS 30 B F 2
AL scopolamine THAlY] sodium chloride 0.85% (W/V)E
Y-maze:x Zo] 325 cm, Eo°] 15 cm 233l Hol 4 cmE X Z
B, C2 A3 g 57 armsS 715 At MouseE armo] Y€l o}F&H A=
T AFEA 2HolEE Frh g E AlQstal armel F
s S5t 1 FAE ALte AT

}) Passive avoidance test

RE miceE A8 dg AE AAolA e FA (FUNA-HMHA, &7 ¢l
S-HDA, &2 UAH)S AN Fol 2417 FHell &aE (A He e A
Ejell Al 1 mh2]d 300 sec < A@s A3 T scopolamine (1.0 mg/kg) 100
} FA}5Fe] memory impairmentS FE3F the 30 £ F testE A A]S
Eo]7t= AZF (step through latency)S A3t thx& AA A}
Al¥ 2 sodium chloride 0.85% (w/v)& FAFEHTH

o
oo

5

fo 2B
o2
Do i
dlo ku
N

ok
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) In vivo A9 54
54 oF5 1] 98] EFAe Wkt 1 545

e
o2l
Ol
O
3909
ko

(4}) GOT (glutamic oxaloacetate transaminase) ¥ GPT (glutamic pyruvate
transaminase) &4 %

B E5A4E BUI98] GOT, GPT kits o]l &3ate] oA HAletdth. 747}
7145 1 m A Algde] Ja 37C FxelA 7} k
GOT9 A% 60 #, GPTY HE$ 30 w3+
2,4-dinitrophenyl hydrazineS 1.0 m{ 2 Y31 A&
N-NaOH< 10.0 m# 9ol ¥vg& FA AlHth ¥8 T4 3
oA FAst A7IA L& HAEF FHE oLt 4o AR S

o},

rlo
RS
rII. -{o{n
oo gt
oX!
o
)
=
=
1=
z oL
rlo
o 4 1o

4) F(Pueraria thunbergiana) 225 ¥ ol dZd FAEL GHEZDY A

AR TR Y

7} Choline acetyltransferase A &4 o £

A 2 (Pueraria thunbergiana)S 7 vF4] 8 ¥ methanolS F71¢] 5

Hj Fa2 A2 A] 583 AXAIFIHEA 23] FEFI F AYE FF3o &
methanol F& 52 ZAst8 . F=% crude methanolic extracty A =eo u}
2} solvent partitioningS A A dte] ChAT A4S ettt &Aoo =4 1}

&S 7}A 3 open silica gel column chromatography (chloroform : methanol)
S Aske] 11719 A3 (CHCIsMeOH = 100:0, 90:10, 80:20, 70:30, 60:40,
50:50, 40:60, 30:70, 20:80, 10:90, 0:100)e.2 # & 3t} 7] #£88 7HX 2
gdds FH3d a1 F Aol =2 HES AAHste 23 open silica gel
column chromatography (chloroform : methanol) A]3§3te] 871¢ &
(CHCI3MeOH = 100:0, 96:4, 92:8, 90:10, 83:12, 85:15, 80:20, 0:100)2.Z v}+Fil

4,
o % #4ol g we HEe Rsarn.

1) HPLC®l 93t & (Pueraria thunbergiana)®] ChAT A4 &2 £¢
Waters 2690 HPLC®} Waters p-bondapack Cis revers phase (3.9 x 300
mm) columng AF&3FAtE 0-100%9] methanol¥ L9 AXE= FujE W3}

E Fof 808zt AysA. A HEE 190-800 nmE A st flow rate:

_62_



Y10 w2 Sgor @wel 20 uH AR FAL Ak A SulE 57

methanol® 32} SFF& AFE3FA tH(Table 3-2-1).

Table 3-2-1. Condition of the analytical HPLC for purification of ChAT
activator from Pueraria thunbergiana

Instrument Waters 2690

Detector Waters 996 (PDA:photodiode array detector)
Column Lu- bondapak C18 (reverse phase, 3.9 x 300 mm)
Flow rate 1.0 ml/min

Mobile phase 0 %~100 % Methanol (gradient elution )
Injection volume 0.02 m¢

th) &4 EZ9 NMR % EI mass #4]

HPLCOl A AAl® Zd3} W 7|5 &2 (daidzein)& "H-NMR (600MHz) 2}
BC-NMR (MHz) (Brucker G erman, Advace-600)2 o]83}o Z=AHsgon, A
A¥ &2 Electronic ionization (EI) mass (JEOL, JMS-AX505WA)Z o] &3}
o] 1 %9} mass sizeE H$kth

3. 2 %
7h Ad AEARdo2R Y oMAEED F4EL 24 A

1) olA2Zd FAHEA SAHAHES assayd &4

=AA Ao ojA AAALE EZAQ acetylcholines TAAA F+H 7|5
S FAAA FE 242 B1FY A+ choline acetyltransferaseE 24 31A]7]
A= Lz 0o

= =32 assayAl& neuroblastoma cell line (MC-IXC) ¥ radioisotope
([C"]-acetyl Co-A)E o] &3] Scheme 3-2-1 #o] &g},

2) olAEEY FHEAL SHEZY HA F AA

A A S EAY S o] &3te] FY3 assayAldl AE5te] WY FE R
(Fr. 1), hexane % ¥+ (Fr. II), metahnol &% & (Fr. M) ¥ EF F&

& (Fr. V)& dide= AAs A3 F7] A (Lycium chinense), #(Pueraria
thunbergiana), ¥ AH(Poncirus trifoliata)o| A Z}7} 32.8%, 46%, 25.8%° A<
H A (Table 3-2-2). t]F &2 &4 2> F2 methanol FEE4 =4 YETL
H A 9 Y FEEAAE &40 gAY A9 yEYA Tk 12 &7
A A e S B ARES Yo R 23 AN E AAIS A3 Table
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Table 3-2-2. Choline acetyltransferase (ChAT) activation effect of the
extract from natural edible plants.

Scientific name Common name Fr. 1 Fr. 3
Diospyros kaki =k - -10.0
Glycyrrhiza glabra L. z2) 74 10.7
Glycine max A=k -15 —
Cassia tora A g A} 2f -276 -25.0
Lyciumchinense T 7] A2k -7 32.8
Capsella bursa-Pastoris Y o] %} 18.8 -94
Cinamomum camphora =2} - -15.8
Laminaria japonica ChA] ) - 05
Astragalus membranaceus 442 (E7]) 14 39
Angelica gigas 372k 9.1 39
Puerariathunbergiana =} - 46.0
Codonosis lanceolata =R= b -8.6 95
Platycodon grandiflorum =R 2F 20.7 -21.5
Eucommia ulmoides FaAHEA) -224 10.3
Eucommia ulmoides Fa2He) - -2.1
Polygonatum japonicum T2UAH(YA) - —
Polygonatum japonicum F=AAHE7]) - -
Chrysanthemum morifolium S8kt - -10.7
Perilla frutescens Var. japonica S0 2k - —
Pseudocydonia sinensis B3zt - -12.1
Taraxacum platycarpum SRS P - -6.0
Menta arvensis var. japonica ak3}2; - -89
Opuntia ficus—indica Mill o % 7 - 51
Saboten Makino
Hordeum UL‘tlgare var. )3 - B
hexastichon
Eribotrya japonica H] 1} o] 2} - -33
Morus alba el =) - 8.3
Rubus coreanus A7) Af - —
Cornus officinalis A AF - 8.3
Epimedium koreanum AT (S 12.8 -6.1
Atractylodes japonica AFACEE) - 115
Punica granatum SR - -285
(continued)
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Scientific name Common name Fr. 1 Fr. 3
Zingiber officinale LA - —
Pinus densiflora &2 - 3.8
Artemisia asiatica 22} - -13.7
Nelumbo nucifera A =} - -8.8
Schizandra chinensis L v =)=} - -25
Zea mays S 4=} 19 2.3
Citrus junos 22k - -17.2
Coix lacryma-jobi var. ma-yuen &5 - 0.8
Akebia quinata S e =A - 10.9
Ginko biloba 23 =} - —
Panax ginseng Q1 4=} - 1.8
Carthamus tinctorius Sl AH(Z-3}) - -0.3
Adenoph(?ra tr‘yphllla var. A - 10.0
Japonica
Plantago asiatica 2 7 o] 2} - 3.9
Gardenia jasminoides 2| Z} 2} - -0.3
Cichorium intybus L. 2|71 2] =} - 0.5
Poncirustrifoliata e 2} 2} - 25.8
Trichosanthes kirilowii Sl EFE] &) - —
Rosa rugosa 3l g 3} 2} 0.8 -79
Helianthus annus B - 9.8
Oryzae sative &l =} - 0.4
Juglans sinensis =3t - 4.1
Cucurbita moschata k) - 1.3
Triticum aestivum 2] =} -13.9 16.0
Achyranthes ascendens Amaranth 0 14.8
Allium cepa L. Onion 0 51
Allium fistulosum L. Scallion (thick) 0 16.35
Allium fistulosum L. Scallion 0 25
Allium fistulosum L. Scallion (thin) 0 29
) ) Scallion (thin
Allium fistulosum L. 0 10.8
young)
Allium monanthum Wild rocambole 0 1
Allium ouensanense L. 1 154
Allium sativum L. Garlic (young) 3 5.2
Allium sativum L. Garlic (leaf) 0 0
Allium sativum L. Garlic (trunk) 4 4.2
Allium sativum L. Garlic 0 10
Allium tuberosum L. Leek (leaf) 0 13.7
(continued)
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Scientific name Common name Fr. Fr. 3
Allium tuberosum L. Leek (trunk) 0 24.1
Allium tuberosum L. Leek (from China) 0 24

Amaranthus mangostanus L. 0 5
Anethum graveolens L. Dill seed 0 2
Angelica archangelica L. 0 0

Apium graveolens L. Celery 0 10

Apium graveolens L. Celery (seed) 3 22.4

) Japanese anelica
Aralia elata seemann 0 11
tree
Armoracia rusticana Horseradish 6 0
Artemisia draccucculus Tarragon 4 0
Artemisia vulgaris Mugwort 0 0
Astar scaber Chwi 0 0
Beta vulgaris Beet 0 1
Beta vulgaris var. Swiss chard 0 0
Brassica juncea Mustard leaf 0 0
o Mustard leaf (wild

Brassica juncea 1 1

type)

Brassica juncea Mustard leaf 0 1
Brassica alba Mustard leaf 3 115
Brassica alba Mustard 2 4.2
Brassica alba Mustard (trunk) 9 1.8

Brassica oleracea L. botrytis Cauliflower 0 6.4
Brassica oleracea L. capitata Cabbage 1 18.1
Brassica oleracea L. var. italica Broccoli 10 19.3
Brassica oleracea L. var.
Kale 0 1
acephala
Brassica oleracea L. var.
Kale (root) 0 4
acephala
. Green vitamin
Brassica rapa 0 0
(young)
Brassica rapa Green vitamin 0 0
Capsella bursa—pastoris Pickpurse 0 0
Capsicum annuum L. Paprika 0 0
Capsicum annuum L. Pepper corn (pink) 0 15.2
Capsicum annuum L. Pepper corn (green) 1 12.3
(continued)
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Scientific name

Common name

Bs)
=

Fr. 3

Capsicum annuum L.
Capsicum annuum L.
Capsicum annuum L.
Capsicum annuum L.

Capsicum annuum L.

Carum carvi
Chilicon carne

Chrysanthemum coronarium

Cichorium endivia
Cicorium intybus L.
Cicorium intybus L.
Cicorium intybus L.
Cinnamomum zeylanicum
Coriandrum sativum
Coriandrum sativum L.
Crocus sativus
Cuminum cyminum
Cymbopogon citrus
Curcuma longa L.
Cucurbita moschate
Elettaria cardamomum
Eugenia carypphyllate
Eruca vesicaria
Foeniculum vulgare
Hemerocallis fulva
Illicium verum Hooker
Ipomoea batatas
Ixeris dentata
Laurus nobilis
Lophanthus rugosus
Lophanthus rugosus
Lophanthus rugosus
Lophanthus rugosus
Lophanthus rugosus
Malva verticillate
Medicago sativus

Pepper (leaf)
Pepper (seed)
Green bell pepper
Pepper (trunk)
Pimento (sweet
pepper)
Caraway
Pepper (hot)
Crown daisy
Endive
Chichory (root)
Chichory (leaf)
Chichory (red)
Cinnamon
Coriander
Coriander (Mexico)
Saffron
Cummin
Lemon
Turmeric
Pumpkin leaf
Cardamon
Clove
Summer salad
Fennel
Kuansh
Star anis
Sweet potato
Lettuce (green)
Bay laurel
Wild type
Wild type (leaf)
Wild type (flower)
Wild type (young)
Wild type (old)
Mallow
Alfalfa

—_
2o o oa—of

[S—
—_ o =

OO P NN H O JOMNMHOOODODOOoOOoOOoODOoOoooooo oo

16
23
24.7
19

13

13
13.7
23.8

— — o
Sowukrkooco o=

11.3
(continued)
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Scientific name Common name Fr. Fr. 3
Mentha spp Mint 0 104
Mpyristica fragrans Houtt Nutmeg 0 0
Mpyristica fragrans Houtt Mace 0 0
Ocimm basilicum L. Basil 0 0
) ) Drop wort (wild

Oenanthe javanica 0 12

type)

Oenanthe javanica Drop wort 0 16.3
Origanum vulgara L. Oregano 0 12.7
Papaver somniferum Poppy seed 0 154

Paphanus acanthiformis 4 189

Perilla frutescrs Perillae folium (leaf) 8 5

. Perillae folium
Perilla frutescrs 3 24.3
(young leaf)
. Perillae folium
Perilla frutescrs 11 18.9
(green leaf)

Petasites japonicus Butter bur 0 25.1
Petroselinum crispum Italian seasoning 0 0
Petroselinum crispum Parsley (leaf) 0 0
Petroselinum crispum Parsley 0 1

Physalis francheti Green young pepper 0 10

Pimenta dioicalis Allspice 0 124

Pimpinella anisum Anise 4 19.7
Pimpinella brachycarpa Young 5 18.3
Pimpinella brachycarpa 11 115

Pipper nigrum L. Pepper (black) 5 10.8

Pipper nigrum L. Pepper (white) 1 1

Raphanus sativus Raddish 4 0
Rosmarinus officinalis Rosemary 0 0

Salvia officinalis Sage 0 0
Sedum sarmentosum Stringy stone crop 0 10.2

Sinapis alba L. Mustard 0 11.8

Taraxacum dfficinale L. Dandelion 0 22.4

Trigonella foenungraecum Fenugreek 5 25.2
(continued)
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Scientific name Common name Fr. 1 Fr. 3

Valerianella locusta Corn salad 0 16.8
Vilola diamantica Butter bur leaf 11 13.2
Wasabia japonica Wasabia 0 5

Zanthoxylum piperitum Japanese pepper 0 1

Zingiber officinale Ginger 0 17.8

Petroselinum crispum Italian seasoning 0 74
Petasites japonicus Butter bur 0 15.6
Petroselinum crispum Italian seasoning 0 74
Zanthoxylum piperitum Japanese pepper 0 1
Zingiber officinale Ginger 0 17.8
Petasites japonicus Butter bur 0 15.6
Petroselinum crispum Italian seasoning 0 74
Artemisia capillaris Al & - 22.2
Gymnema sylvestre A v} - 16.6
Cuscuta japonica Chois A} 4t (seed) - -39

Euphoria longana Sok5 - 95

Althaca rosea Cav. HAIE 0 54

Malva verticilata L. o}-%-(seed) 0 34

* ChAT activity (%): The percentage of enzyme activity value for each
sample was calculated with the control activity (100%). The final
concentration of each sample in assay mixture was 25 ug/ml.

Table 3-2-3. Second screening for ChAT activity

Scientific name Common name Fr. 1 Fr. 3
Lycium chinense T7] A AF -19 79
Pueraria thunbergiana Z 2} - 12.0
Poncirus trifoliata B 2} 2} - 6.2

* The final concentration of each sample in assay mixture was 25 ug/ml.
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Fig. 3-2-1. Effect of the plant extracts on cell death.

Control was untreated. Sample groups were pre-incubated with sample (30 0, 1 mg/
m¢) for 24 hr. C: control, P: Pueraria thunbergiana(%), L: Lycoum chinense(T7]A}),
Po: Poncirus trifoliata( ¥ #})

U olAEEd FAHELE A A9 invivo 48 L SAHAA
1) 3F AA"E o AEEZd AL EHERAY in vivoFe SAHLY

Z (Pueraria thunbergiana) methanol F&&<S ®%=9(0, 100, 500, 1,500
mg/kg)Z 3t 54 A4S HAS A 94454 A Hd - $9 body weight
o Al M AGA] WskeE AR FUrh 53] wke #dAglel 7 groupe] K
E  mouse? AEEo] 100%91, serum® GPT (glutamic pyruvate
transaminase), GOT (glutamic oxaloacetate transaminase) W3}%E SAS
analysis 23 #F9A4S Ho|x F&ogAx AAHE sampled) EAL Qe Ao=
ol ¥ At} (Tables 3-2-4, -5, -6).

Table 3-2-4. Body weight and survival rate of scopolamine-induced
mice orally administrated Pueraria thunbergiana on acute toxicity.

Initial Final

. . . No. of Survival

Group No. of mice body( ;\;elght body( ;;elght mice survived rate (%)
Control 8 30 312 + 25 8 100
100 mg/kg 8 30 32.0 £ 2.7 8 100
500 mg/kg 8 30 33.0 £ 2.7 8 100
1,500 mg/kg 8 26.0 £ 54 313 + 25 8 100
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Table 3-2-5. Effect of Pueraria thunbergiana methanolic extract on
GPT in scopolamine-induced mice for 10 days.

GPT (glutamic pyruvate transaminase) (kunits)

Control 38 + 1.20"°
100 mg/kg 42 + 043"
500 mg/kg 39 + 0.64°
1,500 mg/kg 38 + 0.54°

YValues represent the means (n=8) = S.D.

PDuncan’s multiple range tests of SAS (statistical analysis system) showed no difference
(P<0.05).

Table 3-2-6. Effect of Pueraria thunbergiana methanolic extract on
GOT in ICR mouse for 10 days

GOT (glutamic oxaloacetate transaminase) (kunits)

Control 1245 + 18"
100 mg/ke 124.7 + 21°
500 mg/ke 1333 + 35°
1,500 me/kg 1238 + 37°

YValues represent the means (n=8) + S.D.

YDuncan’s multiple range tests of SAS (statistical analysis system) showed no difference
(P<0.05).

2) Y-maze test

Scopolamine group< sampleS 3] Ho]x] 22 group®l scopolamines A}
3 ZAola, UMAE sampled ZH7ZHe] % (015, 0.32, 053%)&E Hosad

group®l| scopolamines FAFsFe] AdS AAIS Zo|t}h. Scopolamines FA}FSk
A ¢k control group?] brain A4S 100% = XS ul, scopolamine group<
41% 2 A controlol W3] ¢F 16%<2] A& E Rk W M Z methanol 5%
o3 groupE 22t scopolamine group®] W& 25%, 19%, 16%2] brain
A5 HAY. = scopolamined] A EHE JA IR o 53| 0.156%2 F=
= ¥ group control RHE FES] AEHRE I E/GUEA S F<lst
o} (Fig. 3-2-2).

2t ot to 2
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Fig. 3-2-2. Effects of Pueraria thunbergiana extract on spontaneous

alternation behavior in the scopolamine-treated mice.

Spontaneous alternation behavior during an 8 min session in the Y-maze task were measured on
30 min after scopolamine injection. Values indicate means *=S.D. (n=8). *P<0.01, #P<0.01 vs
Control group, #P<0.01 vs Scopolamine group.

3) Passive avoidance test
A& A < training ¥ ©f

SS9 AdS HAAEYG . Scopolamined FAFSFS]
A A H7]s FlE oA

S}
A Adsg Tt Scopolamines FAFSEA] o
control group? A# = & < 100%= XS o, scopolamine group<
73%2 A oF 27%9] JAA E 558 AHAE HYvh dlF samples ZH7 0.003,
0.006% = pre-treatmentd groupE< 78%, 89%2] 2AA A stHFFEH S HYS
W 5%t 16%9 k& A3 JdAE&H}E HATl = scopolamined x| E sk
S#EA e E9E tFsampled pre-treatment® A FHE o A)/3 BT}t (Fig.
3-2-3).

==
h
.

o

HU
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Fig 3-2-3. Effect of Pueraria thunbergiana extract on step—through
latency in the retention trial of the multi-trial passive avoidance test in

the scopolamine-treated mice.

Test was carried out on 30 min after scopolamine injection. Values indicate means +S.D. (n= 8).

P<0.01 vs Control and sample treated groups.

o AAE olAEEd FHEL BEEEY BA

1) # (Pueraria thunbergiana)ol A ¢ &4 83 &AL 93 13 838 &
g

2% AAE 9 crude methanolic extractEs SA =] wet 3 g 7t
w89 ChAToOl digt g4 48 A3t Hexane, chloroform, ethyl
acetate?] ¢=o 7 R &I A} ehylacetate layerol A 136%2] <el& <l ChAT
activations RE.A}t (Fig. 3-2-4).

_74_



140

120

100

80

60

40

Action of ChAT activity(% value)

20

H1 H2 H3 Cl1 C2 C3 El . E2 E3
solvent fraction number

Fig. 3-2-4. Activation effect of Pueraria thunbergiana extract on ChAT
by the solvent partitioning.

The highest activation effect of the first fraction of ethyl acetate is 136%. Sample concentration
was 250 g/mL. Each value is the means (n=2) + S.D.

H: hexane fraction

C: chloroform fraction

E: ethyl acetate fraction

2) Silica-gel open column chromatographyel <93 & (Pueraria
thunbergiana) methanol F&E9] oA EZdH AL A3

Active componentE %7] §s|A &Ado] ¥ E ethyl acetate = first silica
gel open columns Zo] 33709 fractionsE <At} (Fig. 3-2-5). o] FollA
chloroform®} methanol®] H]& <] 90:10¢] 2 A (5%) fractionl A 1805 %<
o] A&l activityE HITh ©] fractionsE® A S Z  second silica gel open
columng AAIEATH 1 23 24709 fraction TolA chloroform : methanol =
85 1 159] 37K9] fractions(16, 17, 18)oll A <F 370%°] activation effectE <13}k
A H(Fig. 3-2-6).
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Fig. 3-2-5. Activation effect of Pueraria thunbergiana extract on ChAT
by the first silica gel open column chromatography.
The highest activation effect of fraction is 180.4%. Sample concentration was 250 g/mL. Each

value is the means (n=2) = S.D. Solvent ratio is chloroform : methanol = (90 : 10).
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Fig. 3-2-6. Activation effect of Pueraria thunbergiana extract on ChAT
by the second silica gel open column chromatography.

The highest activation effect of fraction is proximately 370%. Sample concentration was 250

g/mL. Each value is the means (n=2) + S.D. Solvent ratio is chloroform : methanol = (8 : 15).
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3) HPLCY 9% Pueraria thunbergiana methanol &89 4542 &4
Waters 2690 HPLCeol| /] PDA detector$} Cig reverse columng A}F-83}%1 0™

UV detector® &33% 2485 nm, 39 min°lA single peaks 213} th(Fig.
3-2-7).

Hut-gealed Chromatogeam

A 8

=1 -

Fig. 3-2-7. Gradient reversed Waters 2690 HPLC analysis of ChAT
activator isolated from Pueraria thunbergiana.

p-bondapak Cig reverse column: 3.9 300 mm, mobile phase: a 55 min gradient of 0 ~ 100%

methanol in water, flow rate: 1 mL/min, detector: PDA, monitoring absorbance: 2485 nm.
Injection volume was 20 0.
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2. & (Pueraria thunbergiana)2. 256 AAH S EAD T2 A4
Homiy AAY BHAE FxE d4s719s H-NMR (Fig. 3-2-8),
"C-NMR (Fig. 3-2-9), EI-MS (Fig. 3-2-10)5< 2Aaat. 2 23 A4
g4 BEFe EAE 2549 daidzein (€, 7-dihvdroxyisoflavone) 48 &elstitt
(Fig. 3-2-11).

Fig. 3-2-8. '"H-NMR spectrum of ChAT activator isolated from
Pueraria thunbergiana.

Sample was dissolved in MeOD (methyl-d3 alcohol-dl) and recorded on high resolution NMR
spectrometer (Avance-600, Bruker, German) operating at 600 MHz and 25C.
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Fig. 3-2-9. BC-NMR spectrum of ChAT activator isolated from

Pueraria thunbergiana.

Sample was dissolved in MeOD (methyl-d3 alcohol-dl) and recorded on high resolution NMR
spectrometer (Avance-600, Bruker, German) operating at 600 MHz and 25C.
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Fig. 3-2-10. EI-MS spectrum of ChAT activator isolated from Pueraria

thunbergiana. The spectrum was recorded on positive ion EI mass spectrometer (JMS
AX505WA, JEOL, Japan).
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O
OH

Fig. 3-2-11. Molecular structure of ChAT activator, daidzein.

Daidzein shows a structure of isoflavone and is one of flavonoids, which is contained in Pueraria
thunbergiana and other various foods, known to be biologically active compounds. Isoflavones,
with a polyphenolic structure in which the [-ring is at carbon 3 instead of the more typical
carbon 2, is found in natural plants. All contains 15 carbons in there nuclei structure,

diphenylpropane (C6-C3-C6).
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AR, HARNRARA 5 od HRel tekasl ot JsAAEe uw
ARl FAshlel 94 ror o S AwA FA EE vw§ Bolrh
@4 AYnEAF Fuz 4F YPBYl EAY AFE0 ABHI 9o
G5 AE w1 ldel gRsel 94 2@ geeln

WA AE ov] QYES A§ EE Fgo Agetel hgyel AZH A
A AR AE AYBYES BAeIL, FEE JRES Bese] 5A
HES 2AZ Aweland dt

2. AT A NEE2HH AYULAHED FEx2AY A4 2 ¥
44 sE9 ALY &H

=

7. 9 A (Rosa laevigata)2H-E HAE HIEZRA AHEo FAd3FH F& 4
A A

T8 A (Rosa laevigata) 20 kg Q2R E HAEL B3 B2 ARS TPz
N F=E387] 98l 10 L& steam jacketo] H-#HE FE7|E A&
(Scheme 3-3-1). °F 5819] methanol® 16 AJZF &<t 43] WHE =& 1 2
7 ¢F 3 kg9 FES 53RN lab-scaled data®t A © 2R e HIE

A4S HAY (Table 3-3-1).

Table 3-3-1. Protective effect of Rosa laevigata methanolic extract
against oxidative stress .

Sample conc. 50 ug/ml 90 pg/mé 130 pg/ml
Lab scale 25 % 43 % 5 %
Bench scale 23 % 45 % 55 %
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Kosa lnevigata
Extraction with M 1 ol of meilamal

| I o hr

Methanal exract Filtrated rezidue
Evaporstnn
HWyndratim with mineaon
ditilledd vl
Miming with thre tmes n-hexane

! Agitaiinn ird stoed for 13 be

Water layer Hexane bayer
Mincng with thren times Chistelirm

Sgptatiom and stand for L2 b

Water luver Chlaralorm layer
Slien-pd coluimes chmmalngraphy
Elitiom it moverse plage buller
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Scheme 3-3-1. Purification procedure of neuronal cell protector against
Ap-induced oxidative stress for industrial purity from Rosa laevigata
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=

Y. o2 HH choline acetyltransferase 843 AE9 3494 F52 £ A
Al

BEAGANA Y E X (Pueraria  thunbergiana) > 258 choline
acetyltransferase &4 &E49 ¥H4 FE221S 5 2ol AESAY. A=

10 kg& blader mixer® "] ASIA &
_i,_

o] methanol® 4 A|7H¥ 43] W& stal L A oF 22kgd] F&S 53
Rom lab-scale®] data® Al thE2A] &= SAFES BT ¢ 2,
FZ& AIZPE R F33 % choline acetyltransferase activationel] W3+ F& =7
= HES T A4 R vusgla. 1 A3 FEAFe] 932 4 hrol A
7HE E=doy 259 JFE 2] FEE Ui JdFS FAD S A e W
3% wH| sttt (Tables 3-3-2, -3, -4). ©]+= heating®] @Adol n X = ko]
nHjstE R FHA F5 Wl dojA EFQ quAE AT F A5S &
T AU

Table 3-3-2. Activation effect of Pueraria thunbergiana methanolic

extract on choline acetyltransferase

Sample conc.100 pg/ml 150 pg/ml 250 pg/mé
Lab scale 27% 36 % 46 %
Bench scale 20 % 42 % 49 %

Table 3-3-3. Effect of extraction temperature on choline

acetyltransferase activity

20 C 30 C 50 C
Lab scale 35 % 43 % 45 9%
Bench scale 40 % 45 % 47 %

* Sample concentration was 250 ug/ml
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Table 3-3-4. Effect of extraction time on choline acetyltransferase
activity
1 hr 2 hr 4 hr
Lab scale 21 % 35 % 47 %
Bench scale 30 % 37 % 49 %

* Sample concentration was 250 ug/ml
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A 44 2Ad AEXY T/ A=Y 71548 4
=3}

1. A5 € Wy

7F 43 A AR

F9 2 (Roasa laevigata), ¥ (Pueraria thunbergiana)® F% &% 100 mgel
Hjol2 30-50%, M7 FE510-20%, WE7FRE 1-3%, dAE 1-2%, E

v}]?‘.‘;_ﬂl L

TAE 1% 5 PHAR AEea, we neste] AFFEE, AWEE 4F
2282 vF Pshgnh

- CEL I E

92 (Roasa laevigata), ¥ (Pueraria thunbergiana)®l % W'%9] o] &3}
of W& AAE wEAgvk AAe uh & A & st A=
D-sorbitol, £=%, A 3y Seuyd HE

, s
o, AU EES, AvA % pH =dAR A
[e=]

skt

o FHA AA

FA9A (Roasa laevigata), % (Pueraria thunbergiana)® F= &% 300 mgol
FEAZ 79 700 mg, ST T35 mg, AUAE FAY 5

m
spray dry 3 & A7} o SHFEE AP ¢ AYsta AT s
2. 2 3

7b. 44 Ae Az

92 (Roasa laevigata), # (Pueraria thunbergiana)® F=%% 100 mgs
ojgate] A4 HaEs ALstdeow AFe I, vt s st Azst
(Table 3-4-1). FFA=ZA L wjolfF5 30-50%, "4 F=E 10-20%, #ER7}
28 1-3%, A" 1-2%, EIHE 1% 5o A&, sts a8 ste] A4+

==, e 4% FEeaEs vE Hokskinh
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. =¥ IAA A
92 (Roasa laevigata), # (Pueraria thunbergiana)® F%
o] 100 m¢ & &N AAE A&stdtt A= &, st kA
7HA Aol wighs whESTh Als H e A ek o] FmAlE D-sorbitol,
L, A A, Y, dE 55 Al&eon wuARA A9, £Hﬁ“&‘/‘r
EF Tt L-2FEHUMYESRES, AvAl 2 pHEEA R 7S ARSI
ﬂxﬂi H]E}U] Cet MHAR TNV EFS Hutstdoh 1 9ol 2n] 9
T T skt FAAEY g 100 mglo = ZA|

G ‘3} (Table 3-4-2).

Table 3-4-2. 7154 =" 3 AAY Wl

Hj gkel 1. i gel 2.
2 100 mL 4% 100 mL

xﬂ%% D)8 A A AFEFE: FFIA SR

g g

B4 100 mg B2 100 mg

W 9% AM#& 10%

X 58% AE 3%

2191 0.05% w25 1%

SHbol Y EF 0.05% HE 0.5%

Tk 0.08% TAA 0.05%

A FMHYEF 0.01% H ekl C 0.05%

o &€& 0.001% HlEM B6 944 0.01%

Yagskeln = 0.01% FEFIAYESE 0.01%
14 :fWM}Ul = 0.01%
N 0.01%
A FAGEF 0.01%
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AR 2. =83 AA 4

o A A
=92 (Roasa laevigata), 21 (Pueraria thunbergiana)® FZ&E% 300 mgol
w3} ol (Table 3-4-3)¢} Zo] HEHAZ 9 700 mg, ST FA& 35g, 20 A

2 TA2 5mgs Tl Aledon IFLE ANF T AY HF £359
t}.
Table 3-4-3. 7154 FAAAY Hl g

AEFR A2 E(FHAA) w2l 132(5g)
AR AEFE: AR 22 (P A A)
244 300 m
c S AR(FEYEA) 35 ¢ AR
e ( —‘ﬂrfﬂxﬂ) 0.65g 24 50 mg
- (g A) 05 g S5 ARB(FEA) 35 ¢g
- AL A © 5 mg g (FEEA) 065 g
W (ZA) 05 g
AAEAZTF 2 AL A A (@ulxﬂ) 5 mg
19 33, 18] 1-2 71+Aa4
AA T A5 HFH AAAEAF 2L AU
dod wet S 7 1 33], 13 1¥ A
AH EE A5 A3
Ao wet T3 7
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ol

rAEse A o FEFE FH AAM AeUsol Hejrm 9
= 6/E FEAEVIEE 2dolE R o]o Fole /MESAYE (e, 1S
o A& oA v AE AALE A A &AM Tables 3-4-4, -5).
Table 3-4-4. AE 9] u AEHA}
- AR A AA AF 21 37C, 14€
A Ad  O%E BAIERTE
w2 1x10° o3  1x10” °]3F EHdZE e
2 1x10° o]3F  1x10* o]3 E7@Z= B
=g aAAe AFzA 37C, 11Y
A o A 3T FALZ=NAG T
A 1x10° o]a  1x10° o3t EA= 2=
2 1x10° o]3F  1x10° o]3F B 24
-3 AE A 271037C, 10E
A AT 3T FAIXIEAATT
FAA 1x10° o]3t  1x10° o3 EAZE BH=
Z 1x10% o3} 1x10° o]3F BAZ 2HE
-Ad AeEAA AT 271 50T, 171€
A AT+ 3T FAXICAATT
T8 1x10° o]k 1x10° o]t EHZE BAZ%
A 1x10° o3} 1x10° o]& BAZ e
=g anAe AFzA: 50T, 1579
A AT AT FAET=AF T
A2 1x10° o3  1x10” o3 EHAZE e
2 1x10° o]3F  1x10* o]3F E7@Z= B
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1
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(e][]

A 6% ALY BHM F 3
e

1. Measurement of oxidative stress (DCF-DA method)

PCI12 cell& antimicotics/antibioticsE 33 RPMI-1640 ] =] off A] ulj ¢
3ol AR peptideZ g & o] oxidative stressE FE3tl. Afi-induced
oxidative injury= DCF-DA (2’,7'-dichlorofluoresine diacetate)& ©]-& &} ¢
A A ® oxidative stress B EE spectrofluorometerS S 3|4 =74 gt}

- Free Radical Biology and Medicine, 2001; 30: 447-450
- Mutation Research, 2001; 496: 181-190
- Molecualr Brain Research, 2002; 104: 55-65
- Toxicology and Applied Pharmacology, 2000; 164: 305-311

2. Assessment of cell viability (MTT reduction assay)

PC12 cellS antimicotics/antibioticsE &3 RPMI-1640 Hj =] o A Hj <
3ol A proteine 8 dte] Af-induced cytotoxicity® =3 F MTT
[(3-(4 5—dimethylthiazol-2-y1)-2,5-diphenyltetrazolium  bromide]Z  ©]-& 3}

spectrophotometers &3l A 574 gt}

- Journal of Neurochemistry, 1997; 69: 2285-2293
Life Sciences, 2002; 70: 833-841

- Pharmacological Research, 2001; 43: 173-178

- Neuroscience Letters, 1998; 251: 105-108

3. Choline acetyltransferase activator assay

MC-IXC cellol Al €& crude enzymed} [MC] acetyl-CoAE o] &35}
choline acetyltransferased] &4& =A 3k},

- Biochemical Journal. 2000;349: 141-151.

- Journal of Neurochemistry. 1985:45: 611-620.

— Brain resarch. 1996:80: 99-109.
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4. Y-maze test

A, B, C9 3709 arme] YAZ ZA3H A Z Y-mazeE o]&3lH 3 AHS =
g o2 st miceE armol] ¥ ©hE mouse’t 07 armE 7] E38t A
S8 alol AN AL 2Hehe ol

- European Neuroscience Associacion. 1999:11: 83-90.

- British Journal of Pharmacology. 2001:133: 89-96.

5. Passive avoidance test
MiceEd THHAAHE AR & LG4 =Z mouse’t
3 she] QXY ZAh FAZ S A

@ By,

o7t A He A Ae T
o

v":_:_
=
J7to] A5= 9

Ao L
=

R
—
S
o
2
oo

O WA 9L A
@ H(HDAAA 7]
@ BENAAA <+
A3 mouseZt WAAA HER S0 wjo] AFHE FA ko] HFs) 3

- FEuropean Neuroscience Associacion. 1999:11: 83-90.

- British Journal of Pharmacology. 2001:133: 89-96.

- Neurochemical Research. 2002:27: 277-281.

- European Neuroscience Associacion. 2001:421: 265-272.

r
N
Mo

o
R W el 287 43
=

mouse E°7[H A7] &35 F
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The Behavioral Effects of Arrowroot (Pueraria thunbergiana)
Treatment in Scopolamine—treated Mice

Mi-Jeong Kim'", Young-Min Seo', Soo-Jung Choi', Hong-
Yon Cho!, Bum-Shik Hong', Hve-Kyung Kim® and Dong-
Hoon Shin'. 'Graduate school of Biotechnology, Korea Uni-
versity, Seoul, 2IZ'FE[:naJ'tn'mm‘. of Food and Bictecology, Hanseao
University, Seosan

Ninety Korean traditional tea plants were screened in search
of the choline acetyltransferase (ChAT) activator from
phytochemical.. The arrowroot (Pueraria thunbergiana) was
selected that showed highly activating effect. To investigate
the effect of arrowrcot (Pueraria thunbergiana) tn the
scopolamine-treated impairment learmning and memory and
acute toxicity in mice, n vive test was performed. Mice were
;allowed free access to drinking water or containing methanol
extract of arrowroot (Pueraria thunbergiaona) water at the
concentration of 0.15%, 0.32%5 and 0.53% for 2 weeks. Alter
3 weeks, scopolamine was intraperitoneal injected to the
mice. Mice injected with scopolamine impaired performance
compared to the control on the Y-maze test(43%6 decrease
in alternation behavior) and the passive avoidance test(53%%
decrease in step—through latency). In contrast, mice treated
with the methanol extract of arrowroot (Pueraria thunber—
giana) prior to scopolamine injection were protected from
these changes (approximately 2.5% increase in alternation
behavior; 12—~15% decrease in step-through latency). The
acute toxicity experniment was undertaken to review the
toxicity of methanol extract of arrowroot (Pueraria thun-
bergiana) on the activity of glutamate oxaloacetate trans-
aminase (GOT) and glutamate pyruvate transaminase (GPT)
in blood serum of the mice. Values of GOT and GPT pre—
sented no significant differences.
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Protective Effect ol Aosa fzevigala against Amyloid Bata
Peplide—induced Oxidative Stress

Soo Jung Choi™, Mi Jeang Kim', Hong Yon Cho®, Bum Shik
Hong®, Hye Kyung Kim" and Dong Hoon Shin®, 'Department
of Food Technology, Korea University, *Department of Food
and Bistechnology, Korea University, 'Department of Food
and Biotechnology, Hanseo Umiversity

Alzheimer's disease (AD) is the most common cause of
dementia in aged population. The clinical featore of this
disease is the senile plaque. The senile plaque is a small
protein composed of approximately 40 to 42 amino acids,

known as the amyloid B peptide (AB). This peptide is denived
from a precursor gene called the amyloid precursor protein
{APP). The AR accumulates in the brain of AD patient. And
many researchers believe thiz peptide is central to the
pathogenesis of this disorder. [n addition, AD brains are
charactenzed by extensive oxidative stress. To fnd a
protector against AB-induced oxidative stress, we screened
various phytochemical extracts. The methanol extract of
Rosa [oevigotn was selected by screening. The methanol
extract of Hose feevigara was solvenl partitionsd with
hexane, chioroform and ethyl ascetate, respectively. The
second fraction of chloroform showed the highest defensive
effect against oidative stress. And the fraction was
separated by silica-gel open column chromatography. The
eghth fraction (second fraction of chloroform and methanol
= B020, vv) of thiny three fractions showed the best
protective effect against oxidative stress.
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Characterization of choline acetyltransferase (ChAT) activating compound from
Pueraria thunbergiana Benth
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Didzcin activates choline acotvitransferase
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improves drag-indueed amnesia
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Protective Effect of Rosa laevigara against

Amyloid Beta Peptide-induced Oxidative Stress
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