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SUMMARY

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

and industrialized as functional foods.

The acetylcholinesterase inhibition of 160 Korean natural plants were
compared for treating Alzheimer’'s disease (AD). The methanolic extracts
from  Citrus junos presented the highest inhibitory effect on
acetylcholinesterase in vitro. The methanolic extract was further separated
with hexane, chloroform, and ethyl acetate of water, in order. The
ethylacetate solubles showed high inhibitory effect of acetylcholinesterase. In
the process of isolation, each subfraction represented acetylcholinesterase
inhibitory activity. From the first silica gel column chromatography, each
subfraction showed high inhibitory effect against acetylcholinesterase when
chloroform to methanol ratios were 80:20, 70:30. On the second silica gel
column chromatography further separated with chloroform and methanol, it
showed inhibitory activity against acetylcholinesterase when chloroform to
methanol ratio was 86:14. This compound was purified by high performance
liquid chromatography (HPLC). With this compound, we performed toxicity
test. At the wvarious concentrations, they were all survived. Values of
glutamate oxaloacetate transaminase (GOT) and glutamate pyruvate
transaminase (GPT) have no significant differences by supplementation of
Citrus junos methanolic extract in mice. We investigated the effect of Citrus
junos on the scopolamine-induced impairment of spontaneous alternation
behavior in the Y-maze, an index of short-term memory in mice and passive
avoidance test. Injection of control mice with scopolamine impaired
performance on the Y-maze test (7% decrease in alternation behavior) and
the passive avoidance test (25% decrease in step-through latency). In
contrast, mice treated with Citrus junos methanol prior to scopolamine were
protected from these changes. These results suggest that treatment with the
methanolic extract of Citrus junos may prevent learning and memory deficits

caused by scopolamine.

The choline acetyltransferase activation of 160 Korean natural plants were

compared for treating AD. From screening results, the methanolic extract of
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Ziziphus jujuba was selected as the most potent candidate containing chline
acetyltransferase activation component. Methanol extracts of Ziziphus jujuba
were separated into hexane, chloroform, ethyl acetate in turn. Chloroform
fraction was selected from ChAT assay. From the first silica gel column
chromatography, each subfraction exhibited high inhibitory effect against
ChAT when chloroform to methanol ratios were 90:10, 80:20. On the second
silica gel column chromatography further separated with chloroform and
methanol, it showed inhibitory activity against ChAT when chloroform to
methanol ratio was 90:10. It was purified by HPLC and identified by 'H/ *C
NMR and EI-MS. To investigate the effect of Ziziphus jujuba 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 methanol extract of Ziziphus jujuba. Injection of control mice with
scopolamine impaired performance on the Y-maze test (16% decrease in
alternation behavior) and the passive avoidance test (9% decrease in
step-through latency). In contrast, mice treated with methanol extract of
Ziziphus jujuba to scopolamine were protected from these changes. An acute
toxicity experiment was undertaken to study the toxicity of methanol extract
of Ziziphus jujuba on the activity of GOT and GPT in the blood serum of
the mice. Values of GOT and GPT presented no sigﬁificant differences. These
results demonstrated that Ziziphus jujuba affected improvement of learning
and wemory ability against scopolamine in vivo and suggested that Ziziphus
Juwjuba might be useful for the prevention of AD.

The aging process of skin can be attributed to intrinsic aging and
photo-aging. Clinically, naturally aged skin showed smooth, pale, and finely
wrinkled. In contrast, photo-aged skin presented coarsely wrinkled and
associated with dyspigmentation, and telangiectasia. Photo-aging is influenced
by several factors, including genetics, environmental exposure (ultraviolet
irradiation, mechanical stress), hormonal changes, and metabolic processes
(generation of reactive chemical compounds such as activated oxygen
species). The influence of the environment, especially solar UVB irradiations
have been demonstrated to produce reactive oxygen species (ROS) and which
induces the synthesis of matrix metalloproteinases (MMP) which degrade
extracellular matrix. We investigated expression of MMP-1 and MMP-2 in
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human foreskin fibroblast HS-68 cell line under UVB irradiation using
enzyme-linked immunosorbent  assay (ELISA) for isolation and
characterization of photoaging inhibitor, and screened the inhibitory activity of
MMP-1 expression in twelve hundred extracts prepared by solvent extraction
based on polarity from four hundred kinds of edible plants. Finally we found
an appreciable high inhibitory activity in methanol fraction from Eucommia
ulmoides. Cytotoxic effect was not shown in HS-68 cell line when we treated
with isolated aucubin from Eucommia ulmoides according to concentration.
Up until now, the most intensively studied dietary antioxidants for prevention
of skin photodamage have been vitamin C, vitamin E, and B-carotene. So we
compared with vitamin C and vitamin E, isolated aucubin from Eucommia
ulmoides.

Dietary carbohydrates are hydrolyzed and absorbed in the small intestine.
Intestinal glucose uptake is mainly performed by the sodium-dependent
glucose transporter, SGLTI1. Therefore, inhibition of intestinal glucose uptake
is beneficial in reducing the blood glucose level for diabetes and controlling
weight gain in obesity. By using human intestinal epithelial Caco-2 cell, mice
intestinal BBMV and novel fluorescent glucose analog, 2-NBDG, the author
screened the inhibitory activities of intestinal glucose uptake in six hundred
extracts prepared by solvent extraction based on polarity from the two
hundred kinds of edible plants. In this study, existence of SGLT1 in the
Caco-2 cell were detected by using enzyme-linked immunoabsorbent assay
(ELISA), Western blot analysis and immunocytochemistry and regulation
activity of SGLT] protein was measured. In addition, inhibitory effects of
extracts of Punica granatum, Diospyros kaki, Raphanus sativus and
Eucommia ulmoides on intestinal glucose uptake streptozotocin—-induced
diabetic mice were measured. Particularly an appreciable high inhibitory effect
was found in methanol extract of Punica granatum. PG-la isolated from
methanol extract of Punica granatum was tentatively determined as a phthalic
acid-disononylester or hydroxyl alkyl ester with molecular weight of 418. The
present results suggest that Punica granatum could play a role in controlling
the dietary glucose absorption by inhibiting intestinal transporters as well as
in reducing blood glucose level.



The bio-reactive compounds of selected samples, Citrus junos, Ziziphus
Jujuba, Eucommia ulmoides and Punica granatum, were isolated 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 were
formulated as the types of beverage, capsule and granule.
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H 1 o7 1Y mixe] 7l

A 18 47 A AA) 243} B9

HAZ INAE FF9 FAH g gErige] nxg 2o wE e
9 AT7F FIHol AT 1 @el F=AA dehtn Aok v
o A% B £ (199849 A 744)9 4% 2 g AR A AA AT
AN g A7t AAFE v ge] FrrHY 1955 s AAAT F 654
29 x=JAATF7E 37%01RN o, 20004 6.8%, 20309 14.0%E AFHz Qo
nse) FeE 190089 47%7F 1986d 11%E, 2000 15%°0l4 o2 oArsa
ATk olAF nFs} AFF ¥ IAAAHE FHdy] A4 =AY 74
AENY ALE A g8 o2 AT HAW wWEo| FAY F7 F4
Bola givh AlE = ZE¥ A3 v &L 74 vE dEAHA 4
B C@/7IA AE, o, ARG 3 Agul o] HA Mg s
23 oo wet AREA Fstna s S37F AXNEA ddidg Ve
W 2AE A 3 FAY dFAES TF el Bl oA A
2 q7A53 9o

€ d73aF0l AR A - 48F (FdALF R AEA-FH)E FH L
A g 7ASL Hurzt gdd FE2A FA UAHE F2 - FFY B
TR FAE M4 T A R I8 S Holxe HAH, AL
A ZAE dFHZE At 2] - k87 /HE dAHE T ALF Fdd A
AYS e Y AYeE F4317] AsiME oJg2FH RN 24
o Mgt AFIT AR oF dk. ®qk ol WTO AA9 Moz AT
NZAE A Sl - Ad9E SAAZ F JE AP Yo +E 2R
AE T dUAALE dgeE NEAS g Adste dolth A B
AFe TR 4 - FE AEAD (FdALF, A 2 F/H)E ez 1
Bega AW dEH A AN A, AFxs) vw Gne o =
Ago o] &d F Ae WFHYES LA ol AAE FAZ T AF
Ad&sdozd S FEAYY SARYE AAST FRNBAFE £ #H
e 2L AnARe Tz @

o

)

o & 2 o g

2 o rir

A 248 A e WA
A1 AFFAANNE 2] - F& BEANQYoZREY Hr|5 AFALER E8a
A2F ANEE v FAAE PGSz olE AEI}AI|IA P} Alzheimer's
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disease(AD, =4 AXw)e AP Avje dFoz H7fgA dF3 A4 W
3t Al A E veue dA A AJ0F (EES WIAA &dn
ADS] A% AAAGERAS 53 ABAEIY HRugHAo| Iy uz}
AZAEY 750l AANHL AFMEIe ddo] B2 AAHo=R A
BAAE £A B9, ADE 53474, 53] A (forebrain), 43 A %X (amygdala),
8 vl(hippocampus) 2 i F & HA3} WAA (limbic system)®] 73S
g3t o]ES HoA g, 719, Az, 3F, FAE2E T3 A-dE 790
t}. E3] ADO|A acetylcholine® #Z& AZAAGERS mzo] 717 F8d 4
ojn o|RAL 3EAJ|E= Aol AD X8 EE9 3yt ok Fuzxd ABA *E
€& muscarinic ¥ nicotinic agonist, cholinesterase inhibitors (ChEIs), 74
© 2 gacetylcholine #8& 2dstes dEEZ Yse & vt ChElse BL &
So] AwsEx YEd A1MY ChEIs (tacrine, physostigmine, A1¥%3
physostigmine)9}  A24ld]  ChEIs (donepezil, ENA 713, metrifonate,
galanthamine, eptastigmine)® o]t} A24dl ChEIst Al1Aldl ChEIsel
H)3 ZAEAre] Axm FEHoz AAHY glon HIA AE FIHEC] ¥
ol  FHAA W FEW} T Aol Aok AlAW  ChElsE
acetylcholinesterase, butyrylcholinesterase, T8 %% cholinesteraseE H] 41 €3]
o2 AA3te ¥y 2 Y2 ChEIsE acetylcholinesteraseol] tld d €A o
ol xR ge] WwAo] A dtim F} ChEls9 #87]HE acetylcholine?
BiE JATo=ZM synapse W acetylcholine =& F7HA7l= 3ol 7]¢d
e Aoz g#A gftovy, A9 dAFZAH w2 ChEls7t A3 R32E
(neuroprotective effect)e] U %713t acetylcholinesteraseE AL wWe A
22l amyloid precursor protein 23 # AL FAAP 2R beta-amyloid A
g AR E Rix Qv

A 2 ARFANAE H7 5 APPLER FHELE GHSATIE vFaA
g 4.8 YEAYeZRE EYstn o]F HE3A 7|2 @t ChElst
A ANEZAGS 4B3A AFE A% AL EF QA acetylcholined RE 3= 7]
58 2 Y o)l 2y AHPHOZ acetylcholined] A4S BAHFANAFE ¢
A7} choline acetyltransferase (ChAT)E <3A Sdth. H9 AFY (basal
forebrain) cholinergic neurong X34 E¥FL JYx, o FHAd U=
cholinergic neuron®] A5 EE BAsT e Ao BAT. =914 AvF
2o el ChATS %S 3338 #A"HE RS 2 4 31, ChATY 4=
725 0] acetylcholine®) F%E7} @otAth ChATE A7 9 pre-synaptic F-&
A choline®} acetyl-CoAZ ¥ acetylcholine® A sle 42 84E F3
AZ7] s AAHZAA  (nerve growth factor, NGF)Y AZILFEZ

2
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(neurotrophin)€ F43&7] g AT A8 Fo|A g o] drug deliverydl A
TAAE 2 ok Az FHE B A (blood brain-barrier) 2.2 B3
g W3 33, o] B EFEA Ui ML Holy] gEd HPPoez o
WA A FL F EAFE R 249 T35 42 4} ChElsSE @
g}, 829 AASE FHANA F71 948 ChAT activator® B ¥ FDA £
GFL obF gloy HZ dE Kitasato ATFAAM FFANZHE NGF-like
factor® ZolWli, o] E&do] ChAT AL ZAA = 1_1_7} Atk dA7
A Auje) Xge S == Y9 FYLEE 5FE A Avx g2
APAAE g E3tn Ut =94 Avje ‘ﬂv‘i'— 654 o]/de] 1<l
FAA EHHD TFATFY F7h FAO wE FF xAY AQBAE BRE
B3AEY] 1FF N5H LS XTI AAHA &47R "’Eﬁf&ﬁ}rﬂ =04 A
He A2 FFERAEAN Ao IS F28 JANE AAEA B Aot}

Al 3 AFE-FANAE BlgF T UVB 9% JR=3E Aol = Ye uF
S Y-8 BEAYoRZRE HYsm o8 22 AL} TA T}
o AANNE F M E FHE AXE, FH 846 desle BRI, AL
4, W4, 397)% § OU 982 FP8n gtk B QJF JrE
TE, 23, ALS, dE8A3 53 2 W AMFe 72 2 249
sto} FA vdetvA ok Yoz RE WAHE UV(ultraviolet radiation)
= IRAE 53], ®¥et AMH TS DNAS B AvZe 9%E A 3te
collagen @A & &7 RAo2 WA td. DNAY 4L HJRge &
A7l 8QQog FZH3 9lon collagen AL EIE FR vy
FEE FAEAA YR E dod+ Fx3Hphotoaging)d Fr1Zoz UwA
Ak 1@ A7/ F/HEEA gRe] dF BAE Az} FUHDT Yo Y

v

& o N EH ox

o A4 g3, g F2 J5F HE P 0 4H AzEorE o
293 9e ® Fusel Slus s dagdedel g A7e I8
g Aol gioh Bk ok FRwy A7E AdARe AL 42
NaAd FlE Aoz wiade da A7 $4T & o] FF AA

=3d T HEH modelol B Mol =tk

A 4 ARZAA (BE FADAAE AW Afe) FAJQoz AFHD Y&
Hlga R JAW Y g F=E ggel Aol 2 WelA glucosed] F
TE 2EY F e vFLAE A - 48 AEALoZRE Bty o8 A
B3 7|2 doh Ao oste] dge] wel FF FHel Ik AE A=
A7 =33, F FF, TRE 44 5% UMY BEE A2 dsin
Ao HZ 109 T AT A4A F Fxy AR Eo] 254 Fkstn 9 A
3, HEF T 53] vt @ Abde] @A Frhsta Utk uigte] WEA] o]
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T 4949 AFAA ddojgtn B = Yoy IuE 4 E AL uv
AAE AN 7 Ao F7h, Tz BN Q&Y & Aset A B
AL mE 7Y A% F 2 Fu 9L Fue HL g4 wirt gk
drstEe F5 8 F9 33U glucoser BF o2 FFH0 Z 7oA w
2 ol&dts WA JUgHeoz 1 FoF dFFEdn £ U @
3}ES 4 FUdA 23tH9 F9 mucosal celldlAd E5H® &4 A oy
A, special receptor R glucose transport protein®! GLUT$} SLUT7} #&3d
. @A7HA] glucose transports &3 HAAAQ W|wy wjdgd oFE P
mellitus type 2 (NIDDM)dl #H3dtE RAog ¥HiEo gt ol F GLUTS
glucose®] & AT ¢ insulin action®] F#=Ho] glx 3 GLUTIH 3L basal
of &Aatd glucose®] uptaked] #AIZTE ©1E transporterE A s E -
Wi A7} flavonoidAd EAS FHOE APHI oy Adanus s
Ae ¥ A 717 olF YwIA A && Ado|th. H flavonoid§F quercetin
9] glucose uptake A EA7F W AHA 2] - oFg HEAYANE AN A2
o] FfHH A& AR AHT, o] HEES A8t FolM Y glucose
FFE HWE F AW vnl o3 ZuEE G 5 AU 3o goloE
o] 2EH2E 9ol & F & HXM Y Hctole} s

)

o
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H 2% =uie -7l JHE &

AA7tA Bug FXv) A3 2L F=2 AEVYA AERE 53 =
A A BAEANA AR Y F4E SAANIE FEZA ChEIsE Bl AHEHL
Aot A1 ChEls2A4 Hzx=2 Xu] g glol A8 & T2 tacrine

W FogoF sn, 2t EA4Jo] 20e monitoring 9|
AAZ R A 82 31 JE A4 ChEIsE2& dE4A 7L
o] 96d% U|x FDA < By 97ARE AA 3049F4 #dEHI Je
donepezilZ 3F W HLF F glx, A AH=2 T2 FHAEE FNCL
Rivastigmine ©|= xWlE]ARALA g3t B2, 2 20lA 1997d 1299
&2 wrel EUS dotwl gl F7tEA AMSEH I J3, 95, AvddiE 59
FulFoly, $yuddE 973 98 =AY RivastigmineS 3% 2¥ H&
o] 7t FHFAAA EolAe] Fol Tx RALE A ZAAHR AR
A dAIFEZ 2 HAo] A9 gt Aoz HuHI gttt Metrifonate?t X
W gate] 34 AdAFol APFoln, w7t AChEIsZA #-&713to] 24
£ el dAe] A3 HESE ChAT activator’b X% ChEIsHE B2
EZAEo] MY A= g1 A FDA £ 4FLS gk d&d= A
oA 9] ChAT activator7t, $-juvtete] A d3d FodeA Add ‘Aed
o] & ¥ U FAu] JEo AdFE olF AAHoR IYPHA &3 Je 4
Fojch. A =UA Aol o FAF A8E EIMFFAR 27]-F719 A
g A AR A, BiAAH F4L AAEY] AT =H¥S ASHL U

5 Fidte g M FugHoz ok yE v glen AAqE 7
A7 o9 Gary J. Fishers] 8ol 714 FE& wu glth. o] 4L UVl ¢
3 A=Y i ZAMIEY HRolAE EHY growth factor ® cytokine
receptor’t 2 @719 protein kinase cascade® £% signal transduction 7
< ARNYA AEIHo) X transcription factord] AP-1& A=, MMP
(matrix metalloproteinase)®] HAALE FAAPLZHN HFHoz AFHF9
collagen¥ T FAHRAEo| BHHA =3E dote ojEolt. UVve &
A2 YA A fxde YAHdE QLT E tA] e J|AAgE
AHA FEHA Ago] HusHol ot Y Dr. Fusenigdll ¢J & HaCaT cell
line (JEEIHAE)Y AL o]F o AXFE o83 FHe AT7F signal
transduction, MMP (matrix metalloproteinase), 84442 %F So 23S 9¢H &
w3 A8 Fo] ok FH B9 retinoic acid® HIEdH FEIAHZE FAY
MANAZE 4o dd d77 22 $FFAA € 259 gl 319 F
o oy Fx3 71A 2 Fx32RY AR H3EA E£E Fx3 dAEZH

Ofor
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A A7 AY JAYPHI YA e AHFo|n,

Glucose uptakeel B QAFE F2 GLUT, SLUT 59 glucose transporter
TAHLZ o]FA g3, uY Fx FH AFE AY oFoAA @g: Yth
Ellwood %<& Caco-2 cell& S 92FY FF9 ol&g d7+¥x,
Bissonnette &< Al 7}x @379 &9 glucose transporter®] TAE FAl
Caco-2 celldl A #&3%th Caco-2 cell line& 27t g3 Y AXEEE Zi,
AEAZ cell linee2 A4d E£34eis Ju7t 239 23 F5 N2dE
2 Yetdz o vdEE v £ JYE 29 uptakel transportd] 71H¥L R
dF  Jdv EdE 9 AEHo o, 2 flavonoid? glucose uptaked)
A&7t U937 cellol A g3 vl gow, HAE A9 glucose BE I+
2+ Onomura 59 ginseng radixol 93§ glucosed & A7t ot 2 vt
Stumpel 5ol &3 FoA 9 glucose uptakes} 7+ @ AFE BuEo o
T2 71440 ETERZ 443 FHAAY AFEe] aFHI Sk

- 27 -



H 3 o+ & ¢ 23

A 18 H7ls AAALERD BHEL A v FrA
283t Yg 2 43

1.4 4

A gurlee] dHF wet AR F43 sz Jod, Sy
FAMNE AL &A7F F7bstan ik Ao #xe &L dH wet Wy
854 o4 < 30% A=7F #xd Aoz Yevm gith. A (Dementia):
HARAQA 7198 o7t HojF (aphasia), 2UF (YA E%5; agnosia), APZF
(apraxia)T 9 FFHY Felst &4 Jdely A3 AYAH 7159 FAE AL
' AL 23 oA Aujd= %iﬁ}ﬂ‘ﬂ% (Alzheimers disease; AD), &4
Al (vascular dementia), $E4 X} Fo] glon] o] Fda AD¥E 50% ol
< ZAAZL Y gl G HA 2-3 v} HE ©f WHIHE Aoz &
] 9t

ADE HZAHQ HPAY Aoz A 7P & v FES AAFNE A4 FA
o2 3 Yot W ZIjdE ©7] 7199 Fadde] vEUL 6-20d T4
AL o2 7|99, 4, a8 AH3st Iy nF 109 °]”°] He

Attt 53] ALF HFo A ridd A, 8% 5& E9de Har#
(Limbic-system)Q] >3 & (cerebral cortex), 3lv}# (Hippocampus)% ] AA
Ht (Senile plaques; SPs = neuritic plaques; NPs)3 AZ3AdHohd

(Neurofibrillary tangles; NFTs)o] #&Z =0 0|72 ADE HHEE & v oA
7t H71% dt

SHANEEZHUL ADANA 4T UAl #FaEHo Jey oA HY 7]F FA
53] 719 FelgE €ozd. ADAE 53] FFHNA otAEZUS FAs e
] %23 choline acetyltransferase’} ZHAEHo]glo], o] g FFEL AD7} o}
Adgdolgts A% Ag EFA9 Ao 7dgtie /HES eI AD X
2o 99 acetylcholine® £33l &4 acetylcholinesterase (AChE)E A
& ACh 558 F71A7]& 9e] k. AAE physostigmine, neostigmine %
2] AChE 9AIAISe] dAAdH r€¥9% o HT tetrahydroaminoacridine
(THA, tacrine)?] F4%9 Cognex7} FDAMA A ul X 8AZ §7l5o] AlTH
I Ao oy AF FAAM oFF7A = acetylcholinesterase (AChE)S] A 3 A
£ Zo} olAEIFUY RIE JdANY 2N A& MAANIEHE =8 BF
=i 9l
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B AT AL8& {2 (Citrus junos)e B840z L33 (ZFRH), 8
ol e FHZAN FLAYEL Organic acid, Vitamin C, Limonoid,
Hesperidin 5°] o™ x3le} B2 Wxlo a37} Q& #4F f7)ate] & &
ol A aytel vEY C, B, 33, ¢¥A So] tE PEFHF FAdnd 2o
3 ZEAE QA Lol WFono] ojfo] Hon nReWoRE Zydure
A% HEY C FFYe2 de gdeiAd o 4= AA-ez -rﬂ‘—}‘“fl'g} =
=, 23 dEAAT YA Y Fe FA ARNEE AY 1F, 95 F
E A%, Ad AA, g3, 9 Sl Utk #AY olgdFL Yo wj&
J4' dsde 7E3tq o5y ngIe YA (FHH)EM F8o2 N

T 10¥ 3¢y dRE ZEFso Fago) Axgo2 FAue FHxge H
7} 2 AF2 Boiga ok

B dFdME 16049F] 2] - g AEAYY F2E0] H3tY acetylcholin-
esterase(AChE) A3 &4 AAHAAAN 713 =& A& Y #4
(Citrus junos)®l methanol FEEZHE A3 84L& 23l 229 AChE
A &3et AAY FF aHE AT olgy I FERH EAL RA}E
s iz .

2. Alg 2 9y
7. As

B2 A AL AREL AL FAEAFAM AH FLEAG.
Actylcholinesterase A& A A %22 Acetylthiocholine Iodide$
DTNB (5'5-Dithio-bis(2-benzoic acid))+ Sigma A|E L AL} F o, cell
culture€ $3t9 RPMI-1640 medium3 FBS (fetal bovine serum), horse
serum < Gibco A} AEFE AL AT A7 XS 98 Analytical HPLC
column< u-bondapack Cis revers phase (3.9 x 300mm)& WatersolA T
o] AL 2 AAFY A4S A3 ICR mouseE MEbIoA HEokut
of AL&3tH T 2 ¥ho EAo] ALEF A YL BE EF FEY AGL AL
4ot

Y. 48 3y
1) Acetylcholinesterase A &) %Q-‘ﬂ A A s A=

160952 4 - o8 AERYE Scheme 3-1-1 A FAE AAY AEF
ATk A AEE A% ZHE-‘Z} FH 3] &L A8 FE3IA A9 F&
o] wEk 100CANA 583 BAAM a4 FA4E A7z E4F F 7,000
rpmol A 30E3 YL} F5YE FEAR 39 Fr. 19 A8E A3

e i
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Atk AAEL AZRAZ F 9453 22 hexan, methanol, ethylacetate £2O.8
BFFE @ F 449 4598 5F, F24x89 Fr. I, I, V& AUtk

Blanching

+ for 5 min at 10°C
Homogenization

v
Centrifugation

E for 30 min at 7000rpm

Supernatant Prccip?tam
Lyophilization 1 Drying
Fraction 1 " Extraction with hexane
1 Filtration
Sup‘cmatant Prlccipitam
¢ Lyophilization I Drying
Fraction IT Extraction with methanol
i Filtration
Su;}ematant P}ecipitum
¢ Lyophilization Dryving
Fraction W Extraction with water
Filtration
¢ -
Supernatant Precipitant
¢ Lyophilization
Fraction IV

Scheme 3-1-1. Systemic extraction method from edible plant sources
for food and drug.

2) Acetlycholinesterase A 3| &3 =A

7h Zax Az

PC12 cell& antimicotics/antibiotics& %3 RPMI-1640 wj Ao A wuj &
o] AX  F7b 10™-10° cel/ml7t HAE o cell lysis buffer§ o] &3]
cellZ %€ acetylcholinesterase (AChE)E ZA|%t}. Enzymed FZ+&
Bradford & ©] &3 SH T

1}) Acetylcholinesterase #8 &3

10,000 x goll Al A4 &= 4L AChE 10 £(15 mg/mD)T 71 A &4
(500 M  acetylthiocholine, ImM 5,5'- dithio-bis(2-nitrobenzoic acid,
DTNB)SY &% &9)70 w, A EANE FZ29 10 x£(300 pg/m), 50 mM
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Sodium phosphate buffer(pH 8.0) 50 ul& 96 well plate®] Z+ welld] ¥
% 37C9 A ELISA reader® F F%(405 nm)olA A3t FZ3E 9
AChE A EHE FAHFAY.

A3 &4 x(%)
= {1-(Ng AgT-Ng dza)/(Zd HET-24 HET)}Ix100

3) AR E 9 acetylcholinesterase A 32 A A
7} Acetylcholinesterase &4 A& Ede £3

AARE A (Citrus junos)E hand mixer2 H¥A vHad & 10 kg9
Z2& methanol 58] £ Z 4TolA 25 &< AAAIFAEA 28 F&3
45 %3t FA methanol FEEE ZA st FEFEZHE methanol
A A% & hexane, chloroform, ethyl acetate® Z+2 5u) 32 &F
12349 23 & HAASAY. #E€ crude methanolic extract=
w2} solvent partitioningg A3t A3 AL FA3AT A3 &40 =4
e BB 71X 3 gpen silica gel column chromatography (CHClxMeOH)&
Al sta] 11719 A8 F (CHClxMeOH = 100:0, 90:10, 80:20, 70:30, 60:40, 50:50,
40:60, 30:70, 20:80, 10:90, 0:100)2.2 ¥3 3ot 4Zre] £8& AChE A3 &
e A o F A 4o w2 &S MASY 2& open silica gel
column chromatography (CHClxMeOH)Al &3l 13719 ¥ E(CHCls:MeOH=
100:0, 90:10, 86:14, 82:18, 80:20, 78:22, 76:24, 74:26, 72:28, 70:30, 66:34, 62:38,
0:100)2.2 Yra aF Ao /M ¥ YEL it

A

(]
a
% 3

-~

i
—_—

2

JLJ i o
— ox My e
ﬂ}f Hoob

s

) HPLCY 98 &R Citus junos)®l acetylcholinesterase A3} 3 &7

Waters 2690 HPLC®} Waters 1-bondapack Cis revers phase (3.9 x 300mm)
columng AME3ETH 0-100%2 methanol® &9 HAXFE FHE ¥MIE F
o] 8087 AYstact 3 WY 190-800 nmE AL flow rated
10 M2 3gen FHq 20 ¥ AFE FYE AT AHE &
methanol 33t F/F & AH&3tJTh (Table 3-1-1).

i e
o oft
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Table 3-1-1. Condition of the analytical HPLC for purification of AChE
inhibitor from Citrus junos.

Instrument Waters 2690

Detector Waters 996 (at 235 nm)

Column I- bondapak Cis (reverse phase, 3.9x300 mm)
Flow rate 1 mé/min

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

th) AAEHe NMR 2 EI mass 4

AAY 22 (4 mg)¥ 'H-NMR (600MHz)3 “C-NMR (MHz) (Brucker
German, Advace-600)& ©]&3td ZHAHFPon, AHAD E2F (Imge
Electronic ionization (EI) mass (JEOL, JMS-AX506WA)E o] &3l 1 7x9
mass sizeE FA 3

4) Acetylcholinesterase A3 49| in vivo}d 443

A4PFEE ICR mouse5FH)E AHE3ld 297 H$AZ F XAg8E 0,
100, 500, 1500 mg/kg®] sample® Z} group? FH|E 1071219 moused] =Y <
Aol AFFEAE FUTL mouserx 20-24T, 30-70%2 AULEEE 2=
12—photoperiod chamber®l A food and waterE ad lib. & AHZ FF3ch
54 o5& B 93 EFA W 354 2.
7hH 34 543 EFAY v
FAEAE B8 HEL(%)T BFAY HE Bt

1) GOT (glutamic oxaloacete transaminase) 2 GPT (glutamate pyruvate
transaminase) ¥4 =

F 54& 298 GOT, GPT kit o] &3t Ao HAlstdo. ZHzte
Z14€ 1l A AT Wi 37C FRoA 7123 £ 834 02 A 2 =
GOTe 7% 60 ¥, GPTY 74—1‘ 30 &3 §wgAzl oe dAd
2,4-dinitrophenylhydrazine€ 1.0 mi& ﬂ I A2A 20 ¥ vt gA7 & 04
N-NaOH€ 100 m¢¥ go] ¥l$g 3 "]Z’i‘:}. S FA 30  Fo 505 nm
AqX AL A7jA dL 715]3* "‘—_u"’ﬂ% o] &3t FAC FAHATHAE FAFA
o}

5) Acetylcholinesterase A3l 229 in vivod9 AA%5YE AAF
In vivo behavioral test& $1& sample2 37}# 9 FX(0.003, 0.006, 0.009%)%
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Zu3l9th. ICR-mouser AFT, URF, 4 F=d wE HAPYToE 39
bgroup 2 Y¥3 Zt groupd 100HEl¥ ®iE3AT AATH xS G
2oje} B& FAXN AIYTELS 479 F= (0003, 0006, 0.009%)2 A&E F
o34t Mouser 20-24T, 30-70%9 Ad&F=E 7z 12-photo-period
chamberdll Al BE o9} & aod lib. 2 FF3AT

7}) Y-maze test

A 2 EAZ Scopolamine (1.0 mg/kg) 100 wS tiZ=To Ao
ste] UAlA<Q memory impairment® F% ¥ tE 30 £ F A4S AA
AT scopolamine WAl sodium chloride 0.85% (W/V)& FAL3t
Y-mazeEx Zo] 325 cm, %¥°| 15 cm 283 Hol 4 cmEA 7179 armE
B, C2 A% & 7 armsS 7= MouseE armel P obF-A AF
glo] 8 ¥ F¢ AREA #AxE Euf mE A armol F HLol
Et A& FAFA 1 FXE ALAT

A

-

N

1

32 ok

VL

=
=
A’

1) Passive avoidance test

RE miceE 43 A AF A Hg FHEEDA-HEDAY, £3 ®l
S-HENA, &3 YL AT Fol UAT Ho &3E A LS A A
Bl A 1 mha]3d 300 sec B¢ APt 4 FY Scopolamine (1.0 mg/kg) 100
wWE& B7} FA8tY memory impairmentg =3 T 30 ¥ ¥ testE AHA
o Az Eoj7tE A7t (Step through latency)2 &A%t d=2FL A A
%3 e, A1¥3Y sodium chloride 0.85% (w/v)& FALET.

3.4 %

7t 4 - %8 AEAYe ZHEHY acetylcholinesterase A& HA
1) Acetylcholinesterase Aol BAAQE9] assay A ¢

o] QojA FUQer BuEo] Y¥E acetylcholinesterased] g HA
A AY 24 (acetylcholine)®] EHE oA =& Adsts 49 assayAE
PC12 cell line& o] &3l Fig 3-1-1 Zo] &PIh

2) Acetlycholinesterase A ZA2 A4 2 HA

1603 F9] 4] . kg ANEXNYOFE RE Y acetylcholinesterase AH{BHE &
assay Aol H&WBF & FE (Fr. 1), hexane & & (Fr. II), metahnol
2z 3B (Fr. M) 2 9% £ & Fr. V)L ez dAa% A7 de
(seed) (Apium graveolens L.) methanol &%, S5 (Zea mays) methanol
222 #A (Citrus junos) methanol & EolA zZ+7 5238, 42, 53%9] B4 E
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HAG 13 84789 Al £ AL B ANEES
AA & 23, Fig. 390 UrE}% AAY ol
o] &A4ol w8l ‘é%&’ixlt‘r T3 FEE
etk A EA-3 F£& 43%)S 1% BEAIE AL 173G A5 A
82 MAA3A AL ‘ITZ}"- thA] 93 22 Yo methanol2
FE3AL AFEAHC] 531 ZF gl U B4 Ao AuHez ¥ I
5 < HF HAsA HA (Table 3-1-

goz 23 BYAML
a9e AET 23 43
SAAAZ FA7 £

rsLi
T M
k-
o S
k)

oA
i
Ho
4r
r—{n:

P C 1 2 Cel]s ‘ ......................... - .
Add 5 vol. Of 20mM TrisHCI(pH7.5)
0.5% Triton X-100
10mM MgCl2
150mM NaCl
v Homogenate at 4°C
Prepared Enzyme (AChE) cetrifuge at 10,000g (30min, 4 °C)
‘ «n ]
v Substrate solution ;
96 - well plate 500uM acetylthiochholine

ImM 5,5°-dithiobis(2-nitrobenzoic acid)
in 50mM sodium phosphate buffer(pH 8.0)

v
Read with ELISA (at 405nm)

Fig 3-1-1. ELISA assay for Acetylcholinesterase inhibition (AChE)
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Table 3-1-2. Acetylcholinesterase (AChE)

extract from various plants extracts.

inhibitory effect of the

Scientific name Common name Fr. 3
Achyranthes ascendens Amaranth 24.83
Allium cepa L. Onion 5.03
Allium fistulosum L. Scallion (thick) 18.95
Allium fistulosum L. Scallion 25.26
Allium fistulosum L. Scallion (thin) 39.36
Allium fistulosum L. Scallion (thin young) 20.83
Allium monanthum Wild rocambole 0
Allium ouensanense L. 17.43
Allium sativum L. Garlic (young) 7.27
Allium sativum L. Garlic (leaf) 0
Allium sativum L. Garlic (trunk) 3.88
Allium sativum L. Garlic 0
Allium schoenoprasum Chives 25.47
Allium tuberosum L. Leek (leaf) 3.97
Allium tuberosum L. Leek (trunk) 14.18
Allium tuberosum L. Leek (from China) 14.64
Amaranthus mangostanus L. 26.53
Anethum graveolens L. Dill seed 24.67
Angelica archangelica L. 19.01
Apium graveolens L. Celery 12.7
ApiumgraveolensL. Celery (seed) 52.38
Aralia elata seemann Japanese anelica tree 6.79
Armoracia rusticana Horseradish 34.47
Artemisia draccucculus Tarragon 14.61
Artemisia vulgaris Mugwort 18.39
Astar scaber Chwi 0
Beta vulgaris Beet 8
Beta vulgaris var. Swiss chard 9.98
Brassica juncea Mustard leaf 0
Brassica juncea Mustard leaf (wild type) 21.49
Brassica juncea Mustard leaf 36.16
Brassica alba Mustard leaf 216
Brassica alba Mustard 10.61
Brassica alba Mustard (trunk) 159
Brassica oleracea L. botrytis Cauliflower 6.55
Brassica oleracea L. capitata Cabbage 38.09
Brassica oleracea L. var. italica Broccoli 19.25
continued
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Scientific name Common name Fr. 3
Brassica oleracea L. var. acephala Kale 10.81
Brassica rapa Green vitamin (young) 39.84
Brassica rapa Green vitamin 12.45
Capsella bursa-pastoris Pickpurse 11.13
Capsicum annuum L. Paprika 12.52
Capsicum annuum L. Pepper corn (pink) 12.3
Capsicum annuum L. Pepper corn (green) 20.83
Capsicum annuum L. Green bell pepper 174
Capsicum annuum L. Pepper (leaf) 36.52
Capsicum annuum L. Pepper (seed) 23.65
Capsicum annuum L. Pepper (trunk) 17.9
Capsicum annuum L. Pimento (sweet pepper) 10.63
Carum carvi Caraway 21.3
Chilicon carne Pepper (hot) 7.38
Chrysanthemum coronarium Crown daisy 33.38
Cichorium endivia Endive 14.63
Cicorium intybus L. Chichory (root) 7.88
Cicorium intybus L. Chichory (leaf) 10
Cicorium intybus L. Chichory (red) 10.8
Cinnamomum zeylanicum Cinnamon 26.08
Coriandrum sativum Coriander 12.25
Coriandrum sativum L. Coriander (Mexico) 32.31
Crocus sativus Saffron 20
Cuminum cyminum Cummin 31
Cymbopogon citrus Lemon 13
Curcuma longa L. Turmeric 12
Cucurbita moschate Pumpkin leaf 16.34
Elettaria cardamomum Cardamon 17.06
Eugenia carypphyllate Clove 175
Eruca vesiaaria Summer salad 36.34
Foeniculum vulgare Fennel 20.71
Hemerocallis fulva Kuansh 17.68
Hlicium verum Hooker Star anis 4
Ipomoea batatas Sweet potato 7.66
Ixeris dentata Lettuce (green) 33.23
Laurus nobilis Bay laurel 15.81
Lophanthus rugosus Wild type 21.97
Lophanthus rugosus Wild type (leaf) 31.36
continued
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Scientific name

Common name

Fr. 3

Lophanthus rugosus
Lophanthus rugosus
Lophanthus rugosus
Malva verticillate
Medicago sativus
Mentha spp
Myristica fragrans Houtt
Mpyristica fragrans Houtt
Ocimm basilicum L.
Oenanthe javanica
Oenanthe javanica
Origanum vulgara L.
Papaver somniferum
Paphanus acanthiformis
Perilla frutescrs
Perilla frutescrs
Perilla frutescrs
Perilla frutescrs
Petasites japonicus
Petroselinum crispum
Petroselinum crispum
Petroselinum crispum
Physalis francheti
Pimenta dioicalis
Pimpinella anisum
Pimpinella brachycarpa
Pimpinella brachycarpa
Pipper nigrum L.
Pipper nigrum L.
Raphanus sativus
Rosmarinus officinalis
Salvia dfficinalis
Sedum sarmentosum
Sinapis alba L.
Taraxacum dfficinale L.
Thymus vulgaris
Trigonella foenungraecum
Valerianella locusta
Vilola diamantica

Wild type (young)
Wild type (flower)
Wild type (old)
Mallow
Alfalfa
Mint
Nutmeg
Mace
Basil
Drop wort (wild type)
Drop wort
Oregano
Poppy seed

Perillae folium (leaf)
Perillae folium (trunk)
Perillae folium (young leaf)
Perillae folium (green leaf)
Butter bur
Italian seasoning
Parsley (leaf)
Parsley
Green young pepper
Allspice
Anise
Young

Pepper (black)
Pepper (white)
Raddish
Rosemary
Sage
Stringy stone crop
Mustard
Dandelion
Thyme
Fenugreek
Corn salad
Butter bur leaf

20.62
36.71
30.21
18.51
1.8
13.63
15.3
25.82
18.37
11.85
24.16
22
2.54
11.17
4.46
25.56
14.98
12.16
32.47
9.8
15.66
4
12.38
23.67
20.16
31.19
227
10.58
10.31
19.13
53
189
15.96
14.78
24.21
23.89
24.8
12.45
10.96
continued

- 37 -



Scientific name Common name Fr. 3

Wasabia japonica Wasabia 7
Zingiber officinale Ginger 5.03
Petasites japonicus Butter bur 32.47

Petroselinum crispum Italian seasoning 9.8

*AChE 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 140 pg/mé.

8

B Inhibitory effect (%)
Yield (%)

g

A’ Apiumgraveolens
(seed)

B: Citrus junos

Inhibitory effect (%)
8

C: Zea mays

10 1

A

Fig 3-1-3. AChE inhibitory effect of methanolic extracts obtained from
edible plants.(Sample conc. was 130 pg/mé.)

Table 3-1-3. AChE inhibitory effect of Citrus junos methanolic
extracts.

Scientific name Common name Fr. III
Citrus junos A () 38
Citrus junos AR (#3%) 54
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Y. HAd acetylcholinesterase A3 29 in vivodd SAAF

2 (Citrus junos) 5] i3 methanol &S %2 (0, 100,500, 1500 mg
/ke)E 3t 54 AEES AA dF FAHASA AP A - F9 body weight
checkoll Al ¥ AFAQ Wl HAHA gkt E3) X ALl & group
9] REE miced AEL] 100%9 1, serum® GPT (glutamic pyruvate
transaminase), GOT (glutamic oxaloacetate transaminase) W3lxE SAS
analysis 27 F4& HolA F&o2AM HAHE sampled] SAL e Ao
15} (Table 3-1-4, 5, 6).

Table 3-1-4. Body weight and survival rate of mice orally
administrated Citrus junos on acute toxicity.

. . No. of Survival
. Initial Final .
Group No. of mice . . mice rate
body weight (g) body weight (g) .
survived (%)
Control 10 282 £ 45 335 £ 2.7 10 100
100 mg/kg 10 271 + 47 312 £ 25 10 100
500 mg/kg 10 276 + 38 32419 10 100
1,500 mg/kg 10 ‘ 263 £ 5.1 303 £ 15 10 100

Table 3-1-5. Effect of Citrus junos methanolic extract on GPT in ICR
mouse for 10 days.

GPT (glutamate pyruvate transaminase)

Control 395 = 1.20"°
100 mg/kg 290 + 043"
500 mg/kg 3.32 + 0.64°
1,500 mg/kg 3.11 £ 054"

Yyalues represent the means (n=3)  S.D.
“Duncan’s multiple range tests of SAS (statistical analysis system) showed no difference
(P<0.05).
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Table 3-1-6. Effect of Citrus junos methanolic extract on GOT in ICR
mouse for 10 days.

GOT (glutamate oxaloacetate transaminase)

Control 386.1 + 2557
100 mg/kg 188.6 + 181.1°
500 mg/kg 3461 + 175.1°
1,500 mg/kg 217.3 + 120.9°

YValues represent the means (n=3) + S.D.
“Duncan’s multiple range tests of SAS (statistical analysis system) showed no difference
(P<0.05).

t}. XA acetylcholinesterase inhibitor?l in vivo U A58 A¥

1) Y-maze test

Scopolamine group< sample2 #o|x] %-& group®l scopolamined %3t
2, YA &= sampled AA A5 429 X (0.003, 0.006, 0.009%)= T
99 groupol scopolamined FAMst AP HAFATE Scopolamined F
A}&tA] & control groupe scopolamine groupel H¥l&|A <k 15% o]l <A
¥ brain 4& YEHAA T 0.003, 0.006%2] sample ¥4 group< scopolamine
o] A B4 FEAINAY B/dAgeA] Bk AR 0009%E F9%
group< control group® brain 847 vl ¥ W control WY F 90%2 FAE
B9 ol 0.009%<9 #A sample (Citrus junos)®] scopolamine® ZEIH}E
blockingdts A9} control %9 brain Aoz IEAHSTE v o (Fig
3-1-8).
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70

Wl Control
Scopolamine
Cj0.003%+Scop
Cj 0.006%+Scop
Bl Cj0.009%+Scop

65

@
o
L

Alternation behavior (%)

50

45 -

Control Scopoiamine Cj0.003% Cj 0.006% Cj 0.009%

Fig 3-1-8. Effects of Citrus junos on spontaneous alternation behavior

in the scopolamine treated mice. Spontaneous alternation behavior is during an 8 min
session in the Y-maze task were measured. Values indicate mean * S.E (n=10). Scopolamine is

1mg/kg.

2) Passive avoidance test

Scopolamineg FAFetA ¥ control group< scopolamine group®l ®B]3]A
o 30% A= <AAY FFTHLS YRR 0003, 0.006%9] sample FA
group< scopolamine?] HAEX AZAY A L FTEAINAY B/4
3kx) Z& gt AT 0.009%E T8 groupe control groupd S5 E ¥4
# Hlxng W control groupE A3 sE AATHe FHES HAFA ol
0.000%<] %A (Citrus junos) sample©] scopolamine?] HAE A3 MG As) &
I (ARAFEH F&55de FAFE)E blockingdted control group®l RHAFE
oA 5L Y Fo 2N HAX NZALG S A0 HI/IEANAFS
B3 At (Fig 3-1-9).
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100

M Control

EE Scopolamine
EENR Cj0.003%+Scop.
] Cj0.006%+Scop.
H Cj0.009%+Scop.

80

60 -

Retention (%)

40

20

Control  Scopolamine  Cj0.003%  Cj0.006% Cj0.009%
Fig 3-1-9. Effects of Citrus junos on retention percentage in the

retention trial of the multi-trial passive avoidance task in the
scopolamine treated mice. Values indicate mean + S.E. (n=10). Scopolamine is lmg/kg.

2}, A& & acetylcholinesterase inhibitor] # A

1) fACA 2 A &4 B9 8L %13 84 &+
AR & (Citrus junos)E& methanol2 %31 %% crude methanolic

extract® A4 X9 @& solvent partitioning® A3l ethyl acetate fraction

ol A 55% olde A:NEAAE FAstATh (Fig 3-1-10).
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Soilvent Fractionation

70

50

Inhibitory effect against ACh

o
°
aw -
oo
Tz

1

1

40

| ‘“l |

T AT kM
werd™t T axst T gren® T e T ue® T e T LorC T 0T 0RC
Fractions

Fig' 3-10 Inhibitory effect on AChE of Citrus junos fractionated by the

solvent partitioning. The percentage of enzyme activity values for each fraction was

calculated as compared to the control activity (100%). Sample concentration was 71 gg/ml. Values
present the means (n = 2) £ S.E. *: The highest inhibition activity against AChE.

2) First silica-gel column chromatographyol ¢ & A (Citrus junos)
methanol &% 9 AChEe] di g o4 &4
Solvent partitioning 3 ¥¢] ethyl acetae & 7}A| 2 first open silica—gel
column chromatography& Al&3ttl. 11 M A8 o2 3o ztzte A3
g4& FAHSYET. 288 FdA (CHCI3:MeOH = 80:20, 70:30)¢] #3o)
AChE®] #4& 60%2 994 AUA AfAASE & + UAJTh (Fig 3-1-11).
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First silica-gel column chromatography

Ctop
722 20 4l
B 40 il

Inhibitory effect against AChE (%)

Fr.-ill Fr.-iv Fraction number

Fig 3-1-11. Inhibitory effect of on AChE of Citrus junos fractionated

by the first silica-gel column chromatography. The high inhibitory effect of
fraction is 60%. The percentage of enzyme activity value for each fraction was calculated as
compared to the control activity (100%). Sample concentration was 71 pg/mf. Values present the
means (n=2)tS.E. Solvent ratio is Chioroform: Methanol = (80:20), (70:30). *: The highest
inhibitory effect against AChE.

3) Second silica-gel column chromatographyel €& A (Citrus junos)
methanol % %9 AChEd i@ oA &4
12+ open silica-gel column chromatographyE Al#33% #¢] (CHClsMeOH =
80:20, 70:30) 2% 38 (5g)S 7FA1 23 open silica-gel column chromatography
£ A3 43 13749 2%¥F F (CHCIuMeOH = 86:14)2] £33 (4 mg)olA
58%¢ A3 A& BAuY (Fig 3-1-12). o] ¥ 0.08%Y F&& Bl
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! 40p!
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40
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Inhibition activity against AChE (%)

20 A
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Fig 3-1-12. Inhibitory effect of on AChE of Citrus junos fractionated

by the second silica-gel column chromatography. The high inhibitory effect of
fraction is 58%. The inhibitory effect for each fraction was expressed as the percentage of the
enzyme activity compared to the control value (100%). Sample concentration was 71 pg/ml.
Values present the means (n=2) + S.E. Solvent ratio is (Chloroform : Methanol = 86:14). *: The
highest inhibitory effect against AChE.

4) HPLCOl| ¢l & Citrus junos methanol & %9 &4 52 ¥y

22} open silica-gel column chromatographyolAl &) Aol E}Y £
&g 7HA3 HPLCE E#stgtt. Waters 2690 HPLCol A PDA detectoret
Cis reverse columng AFE3lE ). UV detector2 &% % 235 nmol A peaks &
d3tgden El-Mass$t 1H-NMR/13C-NMRS& ol&3te] &4 Ed9 Fzx7}
naringenine & #Ho. (Fig 3-1-13).
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Auto-Scaled Chromatogram
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Fig 3-1-13. Gradient reversed phase Waters 2690 HPLC analysis of

AChHE inhibitor from Citrus junos. (u-bondapack Cis reverse column : 3.9 x 300 mm,
mobile phase, a 80 min gradient of 0-100% methanol in water, flow rate, 1.0 mé/min : UV
detector, absorbance monitor operating at 235 nm. Injection volume was 20 uf)
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A 24 M7% AAASED FAEL TS vIFEA
o ggse Mg 2 A3

1. A4

129 AARZTH A U A BXFEY PR g8 Jled e
2 A3 AIREY HFFHol H Fojztm glon oo wet x4 A
W B, E3 Aol gig Bl FUhE T vk HAAZ e EHEL 60
A ol A EtHE Aog A duk (10%~47%). FEvhetoll A B3k ofy
g u® 98 2 SAqME 2 F¥En a0 & ARES et S71H
o] o] W& AU & A13FH EAE dodlm Yok Avie FHe g
50%E dxstolwA X ul, 20~30%E VA Ad, a2 YHAE ¢3eA
2ujet B7iey o) So] Jdon 1 F 15~20%E Lx3tolvie} FRAA A )
2 BAd g3 g Aoz geA vt d=stolmH (Alzheimer’s disease)
R Xue dutd Feoln w=3et WHIT BAV e AoRE €A I
adez =337 51 g AN Ao AgY #Bw op 2147]
of BHY A EA B Aoz qAd A 2| ARFoR AF
A 7198, 244 Ay, Zejge A #age A Fo] FAFHez dof
U Azb 7zs ek ztel AAztx doju AFd dAFHA BEe T F
A Ho A= =& ol2A Pt dxdtolwHe HdL A AT VY
ol AYSANE BT ob&ZA AstA e A ok glom vx AFdg
229 acetyl cholined] &€ Eole Ao YRE X859 EHE F1u o
Acetylcholine®) AARL AFHe=z A3 AAF=  UAZE  choline
acetyltransferase (ChAT)E €A ded A& e HFHE9 chonlinergic
neurond ZA &t} 3o AEYQ (basal forebrain) cholinergic neurong 4%
2 ¥gata Qa, o] ¥9el U cholinergic neuron®]l <UATHE B#FL
Aoz BT w94 Xuj@ze] gloH ChATY %<& F33] FaHE
B 4 93, ChATY AHE #4Ho acetylcholined] FE7F HRopit
T:= N7  pre-synaptic 5-¥ol4  choline¥} acetyl-CoAZHFH
acetylcholineg A SE TAE 4L FANAFY 3 A7 42AA (nerve
growth factor, NGF)\} 212 9% &3 (neurotrophin)& F37] 91 A7=E A
gFFolAut o] drug deliveryolAl EAFEL zt: gtk A FHe BHY
A1} (blood brain-barrie) 2.8 B3 & Wi g1, o] 4L EHEZ g AH
e Bol7] Wi AyHoz vuAz Ay gL T EAZFE Zde 49
=317} 4% 9t} ChElsstE 2a, 829 AXFE FAAA F71 98 ChAT
activator® B1® FDA %9 Z e ofF gloy HZ d¥ Kitasato 7240l
A sk =2 E NGF-like factor® FolWli, o] EZo] ChAT #4& FIA

pacA

T
pu

KX
=2

VAl

2
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A0E 1as 9A.
2 AT A& U3 (Zizyphus juyjuba)E Ad DY Aow Yy FE uE
2 F8 AL 9Nd, 37, #74, "4, vga A By, Co 24, ZF,

[e]

¢, F713 3} betulm, triterpenoid, betulic acid ©] It} WIH:E WA/ 5&
€3 8l AFE AL =3 E WA s NG Lo dvtan o
g olwZg 7% AEFAE, 23 9F BHE FR8e F8S AR
= AR ‘Rl‘i} 3 gl Bl B AQE, BE AS, 48824 axs}
= Ao

X2 32 PR orjm

B dTodAE 160 9F9 4 . g WER J°] F& & st cholinacetyl
transferase (ChAT) &4 AAA(AANAN 71 & @4& BU dF (Zizyphus
Juwuba)®] methanol #EE25E EHEFL v:ﬂ??}‘x] IR ChAT A &3
& QXY Fd AFHE Z3Atm ol o F2H EAL A A3 8§t
1z s

2. A8 2 498y

7F. A=w

B A A8 ARES NS AEAFAA AF FAs At Cholineacetyl
transferase #AHEE F437] 93] choline chloride®} eserinhemisulfate,
sodium tetraphenylborate, toluene® Sigma AEE& AH&3lew, acetyl
coenzyme A [acetyl-1-"C]&= NEN (Boston, MA, USA)Z 2 ¥ 73t A3}
Attt Aquasol2 Packerd(CT, USA)olA F3tdoem cell cultureE $3td
minimum essential medium¥ FBS (fetal bovine serum), Trypsin-EDTA,
Penicillin-Streptomycin® Gibco-BRL™ (Gaithersburg, MD, USA)AE <& A&
3tAtt. AlgE9 BAE 93 Analytical HPLC column® p-bondapack Cis
reverse phase (3.9 x 300mm)& Waters Co. (Miliford MA, USA) A T34
AHgEtR T B A TH APE 98 ICR mouseE AMELFAA FEFiol AL
Stk 2w R4 AL NG BF EF FEY AFE AHE3AT

. A9 gy
1) Choline acetyltransferase 84 229 HAAANE A=z

160 94F9 A - %8 HEALE ARGA 13 Zo| AFFE Aot FHI
ANag BT Aa FAA Fe A2 FEIA Y9 F% Wyl ue)
100Cell A 583 BAA &4 4 S AFAF T B3 F 7,000 rpmel A 30&
L AAERT FF5AE FHAR o Fr. 19 NEE ZASIUY IAHAEL
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AZAIZ) & A42 0 F hexan, methanol, ethyl acetate 2.2 #$#F 3% 3 H
5

Ne FF, 212 & Fr. O, M, V& AU

2) Choline acetyltransferase &4 &3 &3
7}) Choline acetyltransferase 9] assay4d &

MC-IXC cell& antimicotics/antibioticsE & f 3 MEM Hj x| o A 3}
o AX  $7t 10-10° cel/ml7t H S ® cell lysis bufferg o] &3td
cell2 % ¥ choline acetyltransferase (ChAT)E Z A3t} Enzymed HE+&
Bradford HE& o]&3o ZAHET. 10,000 x gollA QAR AS A&
crude enzyme (ChAT)®} 7] @ €9 (50 mM Potassium phosphate buffer,
0.1 mM Eserine, 8 mM Choline chloride)® 25 uM[1-"*ClAcetyl Co AE
¥ ¥g A7l ¥ toluene® Aquasol? cocktail& A& Wi wHg AR AA
Al 2 4% %L liquid sicintillation counter® o] &3t A3} (Scheme
3-2-1).

Crude enzyme extract 200ul + Substrate 100 ul(50mM K-phosphate buffer
+ 0.1mM Eserine
Sample 100ul 8mM Choline chloride
25uM [1-1%C] Acetyl Co A)
379C, 60 min incubation
Smg/ml Sodium tetraphenylborate 1ml + [Tolune+Aquasol(1:250)] 2ml
Mixing
Cfg. at 3000rpm , 10min
Supcmatant 1ml + [ T+A(1:250) + =& Ethanol(7:3) ] iml

lln scintillation vial

Read with liquid scintillation counter

Scheme 3-2-1. ChAT assay for screening.
W) Choline acetyltransferase &4 ¢ 23 A A 9y

MC-IXC cell& antimicotics/antibioticsE &3 MEM uj x| o] A uj3}
o MEF7 10°-107 cel/ml7t HQE W 22T sampled A7 39
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A3 F cell lysis buffer& o] 83l cell2%E choline acetyltransferase
(ChAT)E Z ATt} 10,000 x gl A A&t & ChATE 718 &9
(8 mM choline chloride) 90 p£$} 25 uM [*C] acetyl CoAE #H7}sto] 37C
AA 60 &3+ incubationA Tk, WA E A &A acetylcholine® 5 mg/ml
sodium tetraphenyl borate® 3,000 rpmol A AR ste =4 L FHslx
o] & liquid scintillation counterZ &% &,

* §AE(%)

= {(sample reaction-enzyme reaction)/{enzyme reaction)}>100

o) &md F&8 A9 choline acetyltransferase &4 744

Aol X &Y assayAlE ol &3t 4L AN AN F&£8 4
Ztol FE S 1 mg/mlY AEE BE F 2 F 100 x£ (250 pg/m)S 714,
enzyme¥ 7 o} g AA 1 S FAHI

3) dlFZ 5 ¥ 9choline acetyltransferase A3 A 9 AA
7}) Choline acetyltransferase &4 29 £g

AZE WF Zizyphus jujuba)s XNE AA L FEHT hand mixerZ F4
vk ¥ ¥ methanol 5 ¥} F3 2 4ToA 2F F AXAI|EA 28 F2T
F 24 %39 dF methanol FEES AT 5% crude methanolic
extracte S X o& solvent partitioningS A3l ChAT AL #93}
ad. 4] A Y2 BES 7}A 1 open silica gel column chromatography
(Chloroform: Methano)€ 133t 11709 A £ (CHCl::MeOH= 100:0, 90:10,
80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, 0:100)2.2 #3¥ 3ttt Z
Zte] BYE A1 XS A 1 T 40 L& S HAsA 27
open silica gel column chromatography (chloroform: methanol)A] 3§38te] 1171 <]
3 E (CHClxMeOH= 100:0, 90:10, 88:12, 85:15, 83:17, 80:20, 78:22, 75:25, 70:30,
70:30, 100:0) 2.2 Y1 1 F Ao M 5L &S I

) HPLCOl 93 tF (Zizyphus jujuba)®]l ChAT &4 &4 £

Waters 2690 HPLC®} Waters p-bondapack Cis revers phase (3.9 x 300
mm) columng AHE3IATh 0-100%2 methanol®} &9 AMFzE FHjE ¥}
& Fo] 8087 AFEHAct. I3 HAE 190-800 nmE A A flow rates
23 1.0 o2 stgen o 20 ¥ AE FIYL A AHE SulE EF
methanol# 33 75 & AME-3IY H(Table 3-2-1)
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Table 3-2-1. Condition of the analytical HPLC for purification of ChAT
activator from Zizyphus jujuba.

Instrument Waters 2690

Detector Waters 996 (at 235 nm)

Column u- bondapak C18 (reverse phase, 3.9 x 300 mm)
Flow rate 1 m¢/min

Mobile phase 0% ~100% Methanol (gradient elution )

Injection volume 0.02 mé

) AAE2e NMR % EI mass #4

HPLCOIAM AAEY 223 WR 71%& 23 (didzein)& 'H-NMR (600MHz)%
BC-NMR (MHz) (Brucker G erman, Advace-600)E o°]&3lo] ZA3l9 o, A
A ¥ E2& Electronic ionization (EI) mass (JEOL, JMS-AX505WA)E °] &3t
o I %9} mass sizeE Bk}

4) Choline acetyltransferase 84 29 in vivodd 5443

APEEZ ICR mouse GF%H)E AL&3ld 297 HeA F ZAEE O,
100, 500, 1500 mg/kge] sample2 Z+ group@ FHIE 109F2] 9] moused] “id 2
Aol ATEAQE 9T mousex 20-24C, 30-70%9 HUF=E ZE
12-photo-period chamber®l Al food and water® ad lib. & JHZ FTF3AT
EQ qRE H7) 98 BEFAY A 7 54 S

7h 84 54 FFAY A3
FAEARE 2198 A2 %)F FFAS H3E Bl

) GOT (glutamic oxaloacete transaminase) % GPT (glutamate pyruvate
transaminase) 4%

t EXL 8798 GOT, GPT kit2 o]43t9 EHA HAAS. 249
7148 1w A AR B3 37C F2AA 7t2% F 84 02 wH ¥ F
GOTS 7<% 60 %, GPTY #$ 30 £ ¥z g =49
2,4-dinitropheny] hydrazine€ 1.0 m¢ & 23 AL2A 20 27 23X 7 ¥ 04
N-NaOH< 100 m® Yol ¥gg F2 At ¥e X 30 £ ¥ 505 nm
A ZARBI 7| L& HAYF FAE o] &3H E_/‘-«l g9z sk
o}
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5) Choline acetyltransferase 84 23 9] in vivod9 AAY HA

In vivo behavioral test® 3§ sample2 271%] 9] &= (0.003, 0.006%)2 FH]
3ttt ICR-mouses AT, HRT, 4 o wE APdFL22 39 Sgroup
o2 WrI 7% group® 107 wiEstich AT dzTe 9w Holg
ES FA1 AITELS 49 FE (0003, 0006%)=Z A8E FA3AT
Mousex 20-24 TC, 30-70%9 v+ E & 12-photoperiod chamberol A
EE Holg} B ad lib. 2 FF3AT

7}) Y-maze test

Hul F% EH=Z Scopolamine (1.0 mg/kg) 100 S 2T APl FAL
3ted dAlAQl memory impairment® F% g tS 30 £ F AFE AAET
4L scopolamine WAl sodium chloride 0.85% (W/V)& A8
Y-mazet Zo°| 325 cm, £°] 15 cm 282 Yol 4 cmEXN 47 Y] arme A,
B, C2 A% th& 597 armsE 71 E 3 MouseE armol] ¥ il ofFd A
fe] 8 ¥ B¢ ARFEA 2oz E Euh mE AYIHI armdl F RHEo]
EA A& FA%A 1 FAE AR

}) Passive avoidance test

EE mouseE A3 A AF AAolA HE FA (HEDA-FE)HY, &3
PE-FEDY, &3 AS)E AAF Fo] 2447 Hel &23E U2 HLE UE
ZEiell A 1 9] 300 sec ¢ AAd A4 FY Scopolamine (1.0 mg/ke)
100 £ B7 FA13t9 memory impairmentS F =3 o2 30 ¥ ¥ testd 4
A& 4z Eol7tE Azt (Step through latency) & &A%} gz AA
ALSgE O, Al¥2Y sodium chloride 0.85% (w/v)& FAFgTH

3.4 #

7h A - %8 AEADOoZREY choline acetlytransferase ¥4 A4
1) Choline actyltransferase &4 A ¥ 9] assay A &9

=94 Xujo] ol AFAYE EA-Q acetylcholineE FAHAA FH H7%F
€ FAAA FE E42 B3 Fo] = choline acetyltrnasferased® &4 314 7]
+ B39 assay AlE neuroblastoma cell line (MC-IXC) o] &3ld SxE 3-2-1
Zo] Y}
2) Choline acetyltransferase 84229 AM 2 AA

A - FF 5 L Y-8 AEAYE YHeE F 160 A4FY AEE &
assay Aol AH&3dld W F2& E (Fr. 1), hexane % & (Fr. 1),
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metahnol & & (Fr. ) € € 3% & (Fr. V) diyez #AA48 2
3 (Table 3-2-2) ASA(Cinnamomum Loureirii) ¥4 %%, 39X (Citrus
unshiu) methanol F&%, W3 (Zizyphus jujuba var. inermis) methanol =& &
AA ZtZ} 408, 638, 62.1%2 AL BTt 1 FAAN A 2L BAL B
ANBEES H¥eR 23 §4AAE AAF A} Table 3-2-3¢] el A
A9 39 methanol FEE°] 713 2L 4L 7HA Lol At &
dEALe 843 EAe 88 1F HEANIE HE nEdd gFE HA)

At
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Table 3-2-2. Cholineacetyltransferase (ChAT) activation effect of the

extract from natural edible plants.

Scientific name Common name Fr. 1 Fr. 3
Diospyros kaki Ak - -10.0
Glycyrrhiza glabra L. A 74 10.7
Glycine max AR ZEA -15 —
Cassia tora A A=} ~27.6 -25.0
Cinnamomum loureirii Al 5 =} 40.8 -22.3
Lycium chinense F71 A2} -7 328
Citrus unshiu 29 &} -7 63.8
Capsella bursa-Pastoris o]z} 18.8 -94
Cinamomum camphora =2z} - -15.8
Laminaria japonica = PRI - 05
Astragalus membranaceus gz (37)) 14 39
Angelica gigas A =} 9.1 39
Zizyphus jujuba var. inermis of ==} 18.1 62.1
Codonosis lanceolata 1= R=P3 -86 95
Platycodon grandiflorum TR =t 20.7 -215
Eucommia ulmoides T2 Z) -224 10.3
Eucommia ulmoides F352H<) - -2.1
Polygonatum japonicum T2 - —
Polygonatum japonicum FT2HUAE7]) - —
Chrysanthemum morifolium &3kt - -10.7
Perilla frutescens Var. japonica S 2k - -
Pseudocydonia sinensis 23z} - -12.1
Taraxacum platycarpum NE YA - -6.0
Menta arvensis var. japonica uk-3} 2} - -89
Opuntia ficus-indica Mill. W x5 ~ =51
Saboten Makino
Hordeum vzflgare var. R _ .
hexastichon
Eribotrya japonica v] 5 ) =} - -3.3
Morus alba wlxt - 8.3
Rubus coreanus A7) &} - —
Cornus officinalis A aal Sl - 8.3
Epimedium koreanum MAFHAHEEFH) 12.8 -6.1
Atractylodes japonica AFAHAE) - 115
(continued)
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Scientific name Common name Fr. 1 Fr. 3
Punica granatum A F =2} - -285
Zingiber dfficinale o pAR - —
Pinus densiflora &£AA - 3.8
Artemisia asiatica &%} - -137
Nelumbo nucifera A =} - -8.8

Acanthopanax sessiliflorum RoRd i b3 - -15.9
Schizandra chinensis v &= - -25
Zea mays S5 2} 19 23
Citrus junos A - -17.2
Coix lacryma-jobi var. ma-yuen £33 - 0.8
Akebia quinata S EYEFA - 109
Ginko biloba 23zt - —
Panax ginseng A ARk - 1.8
Carthamus tinctorius AEAH(F3}) - -0.3
Adenoph(.)ra tr.yphzlla var. A _ 10.0
Jjaponica
Plantago asiatica 2 7 o] A} - 39
Gardenia jasminoides X 2} =} - -0.3
Cichorium intybus L. A A =k - 05
Poncirus trifoliata e} 2} 2} - 25.8
Trichosanthes kirilowii 3l el 2} - —
Rosa rugosa 3 3 32} 0.8 -79
Helianthus annus s ule} 7] & - 9.8
Oryzae sative H v &} - 0.4

Juglans sinensis =z - 4.1
Cucurbita moschata ZukA - 1.3
Triticum aestivum <24z} -139 16.0

Euryale ferox THA A (HA) - 89
Ipomoea batas L. A = - 10.9
Disopyrus kaki 23 - 11.9

Rosa laevigta Michx G - 26.0
Daucus carota FEE - —
Benincasa cerifera Savi. = - 20.1
Arachis hypogaea T - 12.9
Allium sativum for. Pekinense = - -
Paeonia suffruticosa Andrews EdyF - 109
Oenanthe siolonifera v g 5 - 43.0

(continued)
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Scientific name Common name Fr Fr. 3
Poria cocos Wolf. HEHS - 129
Saposhnikovia divaricata nEE - 189
Allium tuberosum nEH - 52.0
Prunus armeniaca var. ansu A7=E - 0.8
Spinacia oleracea L. AlFA = - 0.3
Nelumbo nucifera Gaertner il - -
Evodia officinalis LFRF - -39
Pinus koraiensis A= - 19.2
Sasamorpha purpurascens EFS(HYF) - 29
Nakaki var. borealis Nakaki - -
Perilla sikokiana 2}Z2 7% - 25.6
Sesamum indicum A= - -
Phasedus radiatus 555 - -
Lecocasia esculenta Schott. EdF - —
Cuscuta japonica EALR - 23.1
Phaseolus angularis 2= - -
Polygonum multiflorum BT F - 13.7
Cucurbita moschata Zuk= - 179
Polygonatum sibiricum Red. (A= - 176
Allium fistulosum s 124
Coix lacryma-jobi L.var. RIRPAEA _ .
frumentacea Makino
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
Allium fistulosum L. Scallion (thin young) 0 10.8
Allium monanthum Wild rocambole 0 1
Allium ouensanense L. 1 154
Allium sativum L. Garlic (young) 3 52
Allium sativum L. Garlic (leaf) 0 0
Allium sativum L. Garlic (trunk) 4 42
Allium sativum L. Garlic 0 10
Allium schoenoprasum Chives 0 35.1
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) 3 224
Aralia elata seemann Japanese anelica tree 0 11
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 !
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 comn (pink) 0 15.2
Capsicum annuum L. Pepper corn (green) 1 12.3
(continued)
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Scientific name Common name Fr. 1 Fr. 3
Capsicum annuum L. Pepper (leaf) 0 16
Capsicum annuum L. Pepper (seed) 1 23
Capsicum annuum L. Green bell pepper 4 24.7
Capsicum annuum L. Pepper (trunk) 0 19
Capsicum annuum L. Pimento (sweet 0 13

pepper)
Carum carvi Caraway 0 13

Chilicon carne Pepper (hot) 10 13.7

Chrysanthemum coronarium Crown daisy 1 23.8
Cichorium endivia Endive 0 6.4
Cicorium intybus L. Chichory (root) 11 1
Cicorium intybus L. Chichory (leaf) 0 5
Cicorium intybus L. Chichory (red) 0 11

Cinnamomum zeylanicum Cinnamon 0 0
Coriandrum sativum Coriander 0 0
Coriandrum sativum L. Coriander (Mexico) 0 0
Crocus sativus Saffron 0 4
Cuminum cyminum Cummin 0 5
Cymbopogon citrus Lemon 0 3
Curcuma longa L. Turmeric 0 17
Cucurbita moschate Pumpkin leaf 0 25
Elettaria cardamomum Cardamon 0 16
Fugenia carypphyllate Clove 0 115

Eruca vesicaria Summer salad 0 14.2

Foeniculum vulgare Fennel 0 20.7
Hemerocallis fulva Kuansh 0 24.6
Illicium verum Hooker Star anis 0 13

Ipomoea batatas Sweet potato 1 6.8

Ixeris dentata Lettuce (green) 2 0

Laurus nobilis Bay laurel 0 0
Lophanthus rugosus Wild type 7 0
Lophanthus rugosus Wild type (leaf) 0 1
Lophanthus rugosus Wild type (flower) 1 0
Lophanthus rugosus Wild type (young) 2 0
Lophanthus rugosus Wild type (old) 1 0

Malva verticillate Mallow 0 10
Medicago sativus Alfalfa 0 11.3
(continued)
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Scientific name Common name Fr. 1 Fr. 3

Mentha spp Mint 0 104
Mpyristica fragrans Houtt Nutmeg 0 0
Myristica fragrans Houtt Mace 0 0

Ocimm basilicum L. Basil 0 0

Oenanthe javanica Drop wort (wild 0 12

type)

Oenanthe javanica Drop wort 0 16.3
Origanum vulgara L. Oregano 0 127
Papaver somniferum Poppy seed 0 154

Paphanus acanthiformis 4 18.9

Perilla frutescrs Perillae folium (leaf) 8 5

. Perillae folium
Perilla frutescrs 1 31.2
(trunk)
. Perillae folium
Perilla frutescrs 3 24.3
(young leaf)
. Perillae folium
Perilla frutescrs 11 189
(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 12.4

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 officinale L. Dandelion 0 224

Thymus vulgaris Thyme 0 33.1

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 dofficinale Ginger 0 17.8
Petasites japonicus Butter bur 0 156

Petroselinum crispum Italian seasoning 0 7.4

* ChAT activity (%): The percentage of enzyme activity value for each
sample was calculated with the control activity (1009%). The final
concentration of each sample in assay mixture was 25 pg/mé.

Y. A4 choline acetyltransferase@®A 22 9] in vivod 9 SAAF

3 (Zizyphus jujuba) ™3 methanol ¥ X9 (0, 100, 500, 1500 mg/kg)
2 3o 24 A49E AAS 249 345 AY A - F9 body weightoll Al H
AAAA ¥Wste HAHA GFIdh 53 Fxol #TARUCl Z growpd EE
moused AEE o] 100%HA 3, serum® GPT (glutamic pyruvate transaminase),
GOT (glutamic oxaloacetate transaminase) ¥ 3% SAS analysis 2% #9JA4&
Holz ¥&o2x4 XAAEA sampled 5L gt A2E HAHJYY (Table
3-2-3, 4, 5).

Table 3-2-3. Body weight and survival rate of mice orally
administrated Zyziphus jujuba on acute toxicity.

Initial Final .
. . . No. of Survival rate

Group No. of mice body weight body weight . .

mice survived (%96)
(g) (g)

Control 10 30 312 £+ 25 10 100
100 mg/kg 10 30 320+ 27 10 100
500 mg/kg 10 30 330 £ 2.7 10 100
1,500 mg/kg 10 260 = 54 313 = 25 10 100
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Table 3-2-4. Effect of Zyziphus jujuba methanolic extract on GPT in
ICR mouse for 10 days.

GPT (glutamate pyruvate transaminase

Control 395 + 1.20"°
100 me/kg 290 + 0.43°
500 mg/kg 3.32 + 064"
1,500 me/ke 311 + 0.54°

YValues represent the means (n=3) + S.D.

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

Table 3-2-5. Effect of Zyziphus jujuba methanolic extract on GOT in
ICR mouse for 10 days

GOT (glutamate oxaloacetate transaminase)

Control 5174 + 181.0""
100 mg/kg 4211 + 161.0°
500 mg/kg 5159 + 292.2°
1,500 mg/kg 3269 + 180.6°

YValues represent the means (n=3) t S.D.

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

t}. 444 Choline acetyltransferase A4 E42 in vivo % A¥

1) Y-maze test

Scopolamine group< sampleg A3 Holx ¥& groupd scopolamines FAF
g Rolx, YA E sampleg Zzte] FE (0.003, 0.006%)2 F39 ™ group
o scopolamine& FAlste] A¥-& HA Ao|th Scopolamined FAMSHA &
control group® brain 84<E 100%E HB.%E ©, scopolamine group< 84%=E
A o 16%9 ANE Bgd ¥ W tiF sampled ZHZ 0.003, 0.006%E
pretreatment® groupE-< 89%, 99%9} brain A& HJt} F scopolamine
ANEHE JATQLLH 0006%S F9% group control THE 29 A E
HE FE/4UFASS AU (Fig. 3-2-4).
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Fig. 3-2-4. Protective effect of Zyzyphus jujuba on the scopolamine

—-induced impairment in learning and memory in mice. After injection (1 mg/
ke), each behavioral test was performed. The data are presented as means * S.E. mean (n=10).
Control mice were injected with 0.85 % (w/v) saline (100 u).

2) Passive avoidance test

%29 F& (0.003, 0.006%)2 59" groupdl scopolamined FA}Eo]
A¥ES HAEAY. Scopolamined FAMeHA] &L control groupd] 1A 2 &g
T8E 100%22 RAL 9, scopolamine groupS 73%ZEA ok 27%9] Az L
Stasd AHE BRI dF sampleg 77 0.003, 0.006%E pre-treatment 3t
groupE2 78%, 89%9 UA R FFFHL RPN 5% 16%9 +E A
AAEHE EHATh F scopolamined] ¢1x 2 &5 HAs &= thFsample
9] pre-treatment® FFEE JA/3EHA} (Fig. 3-2-5).
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Fig 3-2-5. Protective effect of Zyzyphus jujuba on the scopolamine
(SCOP)-induced impairment in learning and memory in mice. After
injection (1 mg/kg), each behavioral test was performed as shown in Figure 2. Mice were trained
on a one-trial step-though passive avoidance task. The testing trial was given 1 day after the

training trial. The data are presented as means *+S.E. mean (n=10). Control mice were injected
with 0.85 % (w/v) saline (100 ). * P<0.05 vs saline-treated control.

2. A3 4@ choline acetyltransferase activator?] # A}
1) diFoxe &4 &4 gA4S 1A &4 4

AAQd 39 crude methanolic extract® FA = wal 23 o zZ+ 2
o ChATol i3 &4 A4S #HAMs9). Hexane, chloroform, ethyl acetate
o] o7 REEZ A} chloroform layerdlA 383 %9 H9#< ChAT
activations H At} (Fig. 3-2-6).
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Fig. 3-2-6. Activation effect on ChAT of Zizyphus jujuba fractionated

by the solvent partitioning. The percentage of enzyme activity values for solvent

fractionation was calculated as compared to the control activity (100%). Sample concentration was
170 pg/mé.

2) Silica-gel open column chromatographyol 9§ Zizyphus jujuba
methanol FZ&E9 ChAT &4

Active componentE 7] 984 first silica gel open column® Zo] 33789
fractions& AAY (Fig. 3-2-7). ©] F9|A chloroform3 methanol®] #]& 9]
90:109) 3 RA(6W) fraction} 80:209) 1-3(7-9H)HA fractionsNA HFF 272 %
o] FIAHQ activityE B AT ©] 4709 fractionsE WA LE & second silica
gel open columnolA chloroform:methanol=90:10 fraction®lAl 657 %]
activation effect& &3t} (Fig. 3-2-8).
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Fig. 3-2-7. Activation effect on ChAT activities of Zizyphus jujuba
fractionated by the first silica gel open column chromatography. The
percentage of enzyme activity values for each fraction was calculated as compared to the control
activity (100%). Sample concentration was 170 pg/mé. Eluant was mixture of CHCl3 and MeOH
(100:0, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, 0:100)
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Fig. 3-2-8. Activation effect on ChAT activities of Zizyphus jujuba
fractionated by the second silica gel open column chromatography. The
percentage of enzyme activity values for each fraction was calculated as
compared to the control activity (100%). Sample concentration was 150 pg/mb.
Eluant was mixture of CHCls and MeOH. (100:0, 90:10, 88:12, 85:15, 83:17,
80:20, 78:22, 75:25, 73:27, 70:30, 0:100)
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3) HPLCel 9 & Zizyphus jujuba methanol & %29 &4 224 2
Waters 2690 HPLCol A4l PDA detector®} Cig reverse columng AH&3% 0.5
UV detector2 {3 %= 360 nmol A peaks #2034t} (Fig. 3-2-9).

A. £100.00
0424 2 oo
. J/\v'“v‘ AV A VAVAVAY) ]
i .
N Fao 06
0104 Oleamide 3
. . -70 00
k(.,)g ”33.\4‘() Mw 28 3
0087 60 00 s
2 5000 &
o o
L}ao;cc *
: o
0.04+ 230,00
E
[~20 60
0.62 r
F10.00
0,00tk — Fo00
hasied} LI B At i S S S S S S B B S 2 LA B M A e et et S B T T
1000 2000 3.00 4000 50.00 6000 70.00 8000
Minutes

Fig. 3-2-9 Gradient reversed phase HPLC analysis of ChAT activator

from Zizyphus jujuba. (1-bondapack Cis reverse column: 7.8300 mm, mobile phase,

80 min gradient of 0-100% methanol in water, flow rate, 3.0 ml/min: UV detector, absorbance
monitor at 360 nm. Injection volume was 20 zf)
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A3 A AUY s Ao vFLA 483

1. A4

HEE AANZIR F 7MF & EAE AAsH, T #H dEdd BRI,
Aezd, w4, 3971% 5 dgd 988 Fdstn dv. JF9 e A
o] 384 W& A7F4 =3 (chronologic aging)#A A4 Qo 93 =
3} (extrinsic aging)HA o2 WFoAct FE st FFL e JRAAE
2 utg, &%, 5, guldr], T8, A4 Tl YA =37t dojun 53
Aol A% =38 Fxdgm o gIEFFHE A FAvbd, XA, A9,
AN FA, HHez e ¢ oy o)F A<M (ultraviolet radiation, UV)<
gAd og 2AYHd A (UVA, 320~400 nm), A4 B (UVB, 290~320 nm),
A4 CUVC, 200~200 nm)E Yol v, o]F A4 Bt Bxsel Fa
gog BuHYY Fx3}E A FAPE AE FE, A2PF ALS, €Y
Ast 53 e WEst AYFe 2 2 249 W 4 veEhvA g4
g o2 HE] HAHE UV (ultraviolet radiation)t HAFAHE 53], T99 7
A X DNAS FH A9Z9 90%E A3 collagen GHALS &A=
Aoz WA gtk DNAY &4 R4S FEAIE 8de= Hi 9
o collagen @A EIE R @Y FEE HxAA JFxHE U
7= BFx3} (photoaging)e] F71&e2 daA Ut

283 A7t FUhstEA HRo) gid BAE A FoEHD Jdeyd FHe
AS 93, kgt A F2 9FH AF P dE FAH NsEFE ATl
T Ue B Fxste JAY FyFes PHFHEA g A7E I3 v|A
3 AAo] gith Bk ol AR AFE APARY MANN 432 A=
AF FAx AsHez =3AN O ATFE FIT F Yo FF A =
AT EA modele]l @ 7M5Aol ok WA dFEFE 4L RN
B gE @48 A9 ARE ngdd uA4H elastotic material®] &
(solar elastosis)® proteoglycane]l F7t=lx Aol F WAl Fehile] dA
3 ZaHE Aotk gutyoez A9FL UEE type I collagendt °F7H|
type I collagen, elastin, proteoglycan, fibronectin 522 FA4=o ot =3
gL 3R B FYL Rosn oz Q3 ¥ AJoly JoEF
B DRE Biste 4L dv A9F pAGNAY 90%E AAGL o F
g Zar 59 w8 e YHE FAE X2 Aok IR B3
& 7jde FUHos off wuyd v glon AAE "AA W Gary
J. Fisherd] o] 744 FE& ¥z itk o] A2 UV 93 AFd AR

= -4
T
H

T
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ZAAEY AfolAE EH growth factor 2 cytokine receptorZt & @A
9] protein kinase cascade® ¥ % signal transduction #A & AXHA A X 8o
A& transcription factord] AP-1& A=, MMP(matrix metalloproteinase)2]
AALE FAAN 2N HFHoz AWEY collagend TE FALAEC] 5
Hol w3lE dozlive olZoltt. UVe 4L FAE 34 f=3iy 34
? BENAFLE A #Fx3te] sjdARE FAHSFA BHEHY USo] HIH
U™ 54 Dr. Fusenigol ¢]3 HaCaT cell line (JEEHAEF)S] 7AE o] F
°] ANEFE ol&F IR °‘1:rL7} signal transduction, MMP(matrix
metalloproteinase), 8444F Tl 23 & w3 @23 g Fo Aok FHY
739 retinoic acidg HIE3 FEI "3% GAY RAANAFE EH AT 4
77t B2 FFELA € &5 gy Ay Fo Jov Fxs 1Hd € F
=32REH IR H3EE EE Fxd dAEZ U Jd7E AY JYHT
UA e Aol

MMP (matrix metalloproteinase)®™ ECM (extracellular matrix, AlX]7]4)
#IBM (basement membrane, 71 A 9)2] E&o] s o8] A4 family=
T2 71538 EAo wel interstitial collagenase, stromelysin, gelatinase,
membrane-type MMPMT-MMP) 5 /¢ subfamily® v¥o]Zcth. MMPE
EHAFTATA oldg 7HAE FHAUEHELE A YA AAL HEL
(zymogen) 2 EH|EAT B84 & 71A7] A F24 ¥Ho] oy of
e g 29U A, &A43EHe #3439 MMPE  2-macroglobulin®] Y
TIMPs (tissue inhibitors of metalloproteinase)Z-2 A s Ao <8 &Ao] =4
H 3 359 keratinocyte, fibroblast® E &3 dithse & AXEo] MMPE
EH gt} Fisher 52 1319 UV A% g2 ue] MMPE4o] F7t=m 12
W Edds dA8A SAAHoEZN MMPEel A3 E8a I I
< "X Frestd v F8% 4L dn J&S 2ad v Y

%% (Eucommia Cortex)2 A EEFA F%3 (Eucommia)dl £3ts 9

22 Fucommia ulmoides Olive?] ZAAE AZAZ Fo2 JAAE T F
Aot} 154 ol FE FF FIThg ofgoz o3, 1 JH(EHKIE AL
5 (FREgSHGL, EVS 2o E AAAANL, AEL AFE Ao
e sttt F5 Fie 1l FFNARE Iy FAZ ALEEHA fon, 1
g, 2F, AAE, fFatddd, ii’ﬂ"ﬂ]i?ﬂ?ﬂ ’—‘Jr% °1 w3 A ,xl°°1 ex7%
o mt2d AN 7Hge 283t 3, & @37 S 3
& EE8A 3 =g gy E& 7}%71] 5}31 l\‘—ﬁ}% “JZ]?I’_‘:} e A
Aoy, FFFEE A7 AHAHE] MMP-1 A4 AAAZ g4 2771 2

3)
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g FUEL ABHOE A, ALRE NER 2F 4 3§ A
A ge BT ohizt olse o, 4egHd U@ we 7A
o} g mebd 4 - kg AR FHE FE 4RO BE ATE FFo
£ 298 AYY Holv, 53 o] Fop ATE & YBAA Hste] wmA o
A gokz Sol@ Tz 715 7HA AFSTEC 22 F5Hol ¥ A
2, FUBYS FHE - g 4B F32Y 44 S8 A= e o
FEoZRY J54 NF R AFEANA BIe FHE AY + Q7] WEo
A8k go1¥ FFE D WIE S B AFAANAE TR A - of
& AR o 60015 UAeS UVBG &g HHxsts Aojd & e

Fe uA =3
4g AT o] HEL SHNE £ H4F AR 2ARSE 1 B

7} A=m

2 A3AA AHEE 609F S AL 4 - kR AEALS ME AW #EtA,
BEANHE, 78 FAAA AA EAE ATE Y £ AFTol AHEEAT.
HE Ad" A8QU T3 (Eucommia ulmoides)e& 73FAZAAN Azxd A=
TU3A Az F gAY dFFE AJE AA ANER AL 48
of Al-€¥ ¥ MEQJ HS68 Human foreskin fibroblast cell line(CRL 1635)&
ATCC(American Type Culture Collection)dl A ¥ ¥ugto
DMEM (Dulbecco’s modified eagle medium), FBS(fetal bovine serum),
antibiotics 52 Gibco-BRLA} (Grand Island, USA), sodium bicarbonatet
Sigmart258 F439 9. MMP-13% MMP-2 antibody: Oncogen research
product (MA, USA), Anti-mouse IgG, TMB(3,3',5,5’~
tetramethylbenzidine), MTT (3-(4,5-dimethylthiazol-2-y1)2,5-diphenyl
tetrazolium bromide), DMSO(dimethyl sulfoxide) < SigmaAl (St. Louis,
USA) AlF, aucubin® WakoAl (Osaka, Japan) A E&, 2 99 Al Al ¢
& A& .
PollA AlL" FEL 6~7F89 SPF, ICR A 3 mouse® dlsH4l
FEEANA BFPel AMgaAoH, AFFEL 25 22£2C, F5 55~60%°1 A
19 12A28 H %5 3, B9 ARE AF20] FAAIHEA AR

= A
3 L

=4

Jim

i
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Edible Plant

lblanch, homogenize, centrifuge

Supernatent Residue
Iyophiize

Fr. 1(Cold water extract)

reflux with hexane

fitrate, centrifuge

Supernatant
dry
Fr. Il (Hexane extract)

|

Residue
reflux with acetone

filrate, centrifuge

Supernatant
dry
Fr. I (Acetone exract)

Residue
reflux with methanol

filtrate, centrifuge

Supematant
ay
Fr. ¥ (Methanol extract)

Residue
reflux with hot water

fitrate, centrifuge

Supernatant
lyophilize
Fr. ¥ (Hot water extract)

Scheme 3-3-1. Flow sheet for systematic extraction from various edible

plants.
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. A3 3y
1) MMP-1 JAEAHED AAE As9 =4
ZrZko] A& % Scheme 4-19] Wyol wel 100Co A 5%7F blanching3te] A
AZW B4 BN TEAR3Y FES FH3] AANAY. FFS &
A3 Agd AGLY Z2HFEFE Y 5000 mpmolA 58, 6,000 rpmolA 5%,
7000 rpmolA 2087} homogenizer (IKA Labotechnik Co. Ultra-turrex T50,
Germany)2 I3 & 5000 x golA 2083 ARSI 4L F54E 54
Azs YE53E g Fr.])oz Ao J4EL 24289 FES 94
S, FA X4 ug} hexane, acetone, methanol, hot water T2 2
AIZE B¢ BF FE2F F A4S 35, 52428 Fr. O, I, V, Ve &9id

2) MMP-1 ¥ MMP-2 9 A&A assayAl

MMP-1 JA&A %59 &AL ELISA (enzyme-linked immunosorbent assay)
Wl Z2A%Y 24AL AEY F O&y 22 assayAE FHE F S48
t} (Scheme 3-3-2). HS68 cell line& 6x10* cells/well ¥ 52 12 well-plate°]
ek ok 80% confluencyol =2 uf ¥uix& A|AZ F, PBSE A1
serum free DMEM# A|&€ 0.1 mg/mlo] 5% 34 #H7sled 37T, 5% CO,,
95% humid air condition®lA 20A1ZF F<¢ WA AT Wg F A% PBSE
A7beta cello] A7 Ao UVBE AP o8 thZ2F& UVE ZAAIF)A
qn F3F ofdoN FYF A FAAIZ thE serum free DMEME& 37}
3] 48417 v %E T AF5 AL FHelel MMP-19] F=& ELISA ¥¥& A
3l o483 o] AU =, immuno-well plated] glutaraldehydeE 100 w0
(10 £ /ml DW)H welld] £33t 37T, 1A ¥EAID F F/HFE well-
plateg AH3stn E712 AAFH 4719 wF F5AL 100 p EF33 3
7C, 1A1zF 8¥k8-A]7Zl & MMP-1 antibody (mouse)& 1 : 1,0002.% washing
solution (0.5% Tween 20 in PBS)ol 343 100 u ¥ &5 37C, 1Az
¥l-$-A]# v} Anti-mouse IgG peroxidase conjugatedE 1 : 30,0002.% washing
solution®] 3243t 37C, 1A+ wrg-A7l ¥ 71A[TMB 10 mg/mL DMSO, 3%
H;02, 50 mM sodium acetate buffer (pH 5.1)]& welld 200 w 2 o] 15 &
7+ 2e A3t wrSAIATH 1 M HS0; 50 ptE #H7sto wEgE& &4ds F
A A1 ¥ micro plate reader (Model 550, BIO-RAD Laboratories, USA)E At
£3t9 450 nmAA FHEE FA3AT A8 9T MMP-1 dAZALL ot
Ao uwhe} AT MMP-2 =8 MMP-2 antibody S AH&3te] F43 4y
o2 ZA3A0.

4
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As - Ac
Inhibitory activity of MMP-1 secretion (%) = [ 1 - —— ] x 100
Ab - Ac

Ac: 83%F ZA HZT mediumd 3%
Ab : UVBE ZA}8l3 sample #3814 €€ mediume E3%
As : UVBE ZA}3}3 sample A& § mediumd &34

3) Cell viability9] &34

MMP #F £Ad W& AXE Fx9 4 238 F7] A8 MTT assay&
53 Zol AAEIAh ko]l gud WA 10%9 AZFsE MTT £94&
W3 3AZ 37CAA Bg Aag &) BgAZ 3L FAE formazand DMSO
2 %9 ¥ microplate readerg AH83l 570 nmolA B =& FAHIATH

4) ARANE FF9 dgdg & 2 47149 £3

dgog 48 53§ 100CoA 587t blanchingdled BAXYW a4 & £
4317111, hand mixerZ FA v F 2 kg9] F%F ZTE methanol 58
2 2F F¢ BAANINEA 43 3£ F 245 EFS F%F methanol FEFE
&€ ZASYTE FEEZHE methanol® ¢A3] A A F hexane, chloroform,
ethylacetateE ZtZt 5u) R¥2 87 FEgozin 7+ f7] &l 71888 L %
A3tk (Scheme 3-3-3).

5) AANE S i3t g4 A=

% methanol $% &9 superoxide anion radical (O; +) 2AEAH &AL
Philip C. 59 LDH-NADH oxidation system& o] &3 Wieg ZAsgoy
malondialdehyde(MDA)%¢] %342 MDA”} thiobarbituric acid$} ¥-&& o 4
Bue H24& 535 nmolA &A= thiobarbituric acid assay WHE& o] &
B F3AF 156 x 10° Mlem '8 Al g38te AAbstar.

6) MMP-1 A A&AHE 49 in vivo 54 43

A4 " F% methanol FEE FAHEA A5 E &UA3d7] Y354 ICR mouse
g o|&3toq A& 0, 500, 1,000, 1,500 mg/kgel T2 AT ¥ zZ £9 89}
29 moused &85 FHZ 3F T FFEAY 3F F¢ AFHslE &
33 HFAA AES vlE 8 FH F HELZ FASAC
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Ehobiastse&irguwell plte)
Incubation for 48hr-60kr urtill confluency O Antigen(MMP-1)
| A o

PBS washing
Serum free DMEM Secondary antibody
& sanple (peroxidase conjugated)
Reaction for 20hr
PBS washing/ooating

¢ ¥
]
ot ) O) Orernd ) O Oenf ) O

Scheme 3-4-2. Assay system for determining inhibitory activity of
MMP-1 secretion induced by UVB.

7) FFo25H MMP-1 qA8dEH] #8 ¢ +254

7}) Silica gel 60 open column chromatography

MMP-1¢] i8] £ JAFAHE 2 methanol B89 silica gel 60 open
column chromatograpys ©&3 o] AAEc Chloroforme2 A4 3t€
silica gel 60 column(6 cm x 31 cm)ol A& loadingdli chloroform®
methanol®] H]-&& 100 : 014 0 : 10022 10%% W3IA| 7| WA stepwiseR Z
Z} 5 bed volume¥ ZH7i3AA 1x4¥ o2 MMP-1 JAEAH S ze 2L 2
g3 &, olE FEIY FYF WP o=Z 2% silica gel 60 open column
chromatograpy(1.3 cm x 28 cm)& A A3 chloroform™ methanol®] ¥l &<
100:0, 80:20, 55:45, 40:60, 37:63, 35:65, 32:68, 30:70, 27:73, 25:75, 22:78, 20:80
15:85, 0:1002 ¥W3lA|7]HAA 5 bed volume® &&F3td 71F HS MMP-1 9 A
24& Jegie 238 £9d49
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t}) Prep-TLC

7] Silica gel 60 column chromatography & ¥ JAEAH 3L ODS
gel plate(20 cm x 10 cm)ollA] isopropanol : water = 3 : 29 HJ/NEW=E
Prep-TLC (Thin layer chromatograpy)& A A3t 5719 o2 Fe 3ttt
t}) Prep-HPLC

Prep-TLCZ4%H ®3 ¥ &4 YE L HPLC (u-Bondapak Cis, 7.8 mm x 300
mm)oll F¢Y3t3 3} methanold AME3te] HO : MeOH = 100 : QoA O :
1009 linear gradient 8&%1% 3 ml/min® %22 Esteq AFENS
FE3A
2}) Analytical HPLC

719 848 E-& u-Bondapak Cis (3.9 mm x 150 mm) columns A}-£-3<]
B : acetonitrile = 97 : 3 ®U{ZA O Z analytical HPLCE A Al MMP-1
AAEGHEL S AAA
) $F F MMP-1 JAEHEdY 7284 2 53

HPLCZ #2¥ MMP-1 §4%A peakE %% F 'H-NMR (500 MHz,
TeslaAvance-500, Bruker, German)& o|-&3l9 A9 o]38t3 o|F (ppm)<
=4, FZ2EX8 3 chemicals library2 %€ E2& FAA

3. 45

7F. 4 - o8 AEZHE MMP-1 QA& ER9 A

1) 4 -8 JEZHE MMP-1 A4 13 44

FUAE A - ok AEZRE AA HF ks Ao vFLAAE LA 7]V
A3l gA 7l Wl b 2AF FEE 160948 E 2R assayA HF
X 0.1 mg/mlel A HS68 cell line& ©] &3 ELISA assay systemSZ MMP-1
AAGHEZ S AN B Table 4-1, 4-2, 4-37% 24, W5 F2& (Fr.
L)l 85, ol7t g, vhg, 8% 5°l, methanol FEE (Fr. VoA = 34,
T71A, A7l #dH, 7% o), €F FEFE (Fr. V)dAE dF, 24l &
o] 2T HET} ¥ MMP-1 JAZA4 S vehhi.

2) MMP-1 JAISAHYEAD 23 A
Age A, AAdE, FF5E €498 g AsAAY AGHES g F

Hog 134 SAHMA & MMP-1 JAZ&A4 S Jehldd FHYEEA 24,

F71&, @94, 55& dF 7Y F °]E9 methanol FEES

ELISA assay system& ©]€% 23 @A4ANE AAF ZAF} FF5¢ methanol

R
it

o
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FEEol M w& dAEHES UEdoEZA FE3E ARE HASFAT (Table

3) 439 5% methanol FZE9 in vivo 54 A3Y
A714 AME2 HMAFEY FF methanol FEE9 FAHAESA ARE golry)
A FEEL 0, 500, 1,000, 1,500 mg/kgel =2 ZA} T Zt 79 8uly] 9]
3

BE TolA 100%2] AELEE BYoEn T3 222
2% tH(Table 3-3-5). WetA F%9] methanol FEES
82 HAAsdch

re s
z
e no
ox
flo
o
fuj
£
)
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Table 3-3-1. First screening for inhibitory effect of MMP-1 secretion
of fractions extracted from plants for tea and rice paste

Inhibitory effect of MMP-1

Samples secretion(%)
Scientific name Korean name Fr.1 Fr.4 Frb5
Glycyrrhiza glabra L. Az 0 2 64
Glycine max HARF 2 11 0
Cassia tora 2zt 17 0 0
Cinnamomum loureirii A= 2 40 77
Citrus unshiu =3 35 2 0
Capsella bursa-Pastoris o] 5 17 11
Zizyphus jujuba var. inermis o) 3 32 48 94
Condonosis lanceolata = k=] 21 75 44
Platycodon grandiflorum =gA 55 34 43
Polygonatum japonicum =Za(d) 2 0 0
Astragalus membranaceus &7 31 16 69
Psseudoctdonia sinensis 23 0 7 0
Taraxacum platycarpum s 11 0 47
Menta arvensis var. japonica a3} 3 0 0
Opuntia ficus mdt'ca Mill. saboten W x 13 0 63
Makino
Phaseolus angularis i 0 43 0
Polygonum multiflorum 3L 40 65 26
Cucurbita moschata Zut 38 32 0
Polygonatum sibiricum Red. 33 8 0 0
Allium fistulosum K 79 42 22
Chrysanthemum motifolium £33 17 0 0
Zingiber officinale A7 0 3 9
Cuscuta japonica EALA} 0 0 70
Perilla frutescens var. japonica EA 0 7 51
Acanthopanax sessiliflorum 27} 11 31 0
Schizandara chinensis 2oz} 2 48 74
Zea mays g 49 15 63
Akebia quinata o EYE 3 0 0
Hemerocallis fluva A3 3 3 73
Carthamus tinctorius 3} 21 5 8
Adenophora tryphilla var. japonica Zoj 5 1 13
Brassica alba AR 3 0 62
Rosa laevigata Michx. =4 A 0 14 12
Arachis hypogaea 33 81 0 21
Allium sativum for. Pekinense ul = 37 7 48
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Inhibitory effect of MMP-1

Samples secretion(%)
Scientific name Korean name Fr.1 Fr4 Frb5
Diospyros kaki xd gl 3 10 23
Lycium chinense T712F 51 36 35
Cinamomum camphora =z} 0 0 0
Angelica gigas 27 13 6 48
Eucommia ulmoides 244 43 85 59
Eucommia ulmoides 59 45 0 0
Hordeum Vulgare L. Bzt 47 42 22
Rubi fructus &= 0 0 0
Punica graatum NF 25 0 0
Artemisia asiatica % 0 0 0
Crataegus pinnatifida Bunge o} 7}4] 62 101 78
Pinus aristata 2k 39
Plantago asiatica Aol dl 48
Plantago asiatica Aol 43 0 20
Gardenia jasminoides =] =} 7 34 32
- 4 3} 2} 0 0 0
Astragalus membranaceus 37 31 16 69
Polygonatum japonicum F2HU(E7]) 2 28 51
Zanthoxylum schinifolium SIEB. et Zucc Az 0 14 15
_ gorsg 0 17 42
Pruns mune SIEB, et Zucc ufj A 0 0 81
Petasites japonicu§( Sieb. et Zucc) 253 0 9 %0
Maxim
Polygonatunf't odoratum(MILLER) 57 g 3 0
DRUCEvar.pluriflorum( MIQUEL) OHWI
Disopyrus kaki =7 19 0 0
Pimpinella frutescrs EA4Y 6 0 3
Rosa rugosa 33 st 6 0 0
Cichorium intybus L. XA 3 12 11
Helianthus annus & v}t 7 2 0
Lophanthus rugosus Hrol 0 5
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Table 3-3-2. First screening for inhibitory effect of MMP-1 secretion

of fractions extracted from spices plants

Inhibitory effect of

Samples .
MMP-1 secretion(%)
Scientific name Korean name Fr.1 Fr.4 Fr.5
Valerianella locusta Y= 0 17 13
Brassica Juncea AS 0 46 71
Ma lva verticillata o}-& 0 0 0
Brassica oleracea BEAY 0 0 18
Cichorium endivia ditje] B 0 28 0
Brassica oleracea A EHH 0 1 52
Medicago sativa L. < v} o} 0 0 0
Dioscorea batatas Decaisne u} 0 23 28
Brassica campestris var.chinensis Wl A =) 0 0 33
Impomoea Batatas ot 0 49 30
Petroselinum crispum o 54 2 0 0 85
Pimpinella brachycarpa NAKIA g A YE 0 0 19
- v 0 0 31
Brassica juncea L. A A 0 0 62
Perilla Frutescens Britton HAEANY 3 0 0
Cichorium intybus L. x| A 2} 8 0 0 0
Thymus vularis g} gk 0 6 73
Drassica oleracea A5 0 0 0
Raphanus sativus =R 46 86 0
- g oA 0 0 62
Lohpanthus rugosus ulol gl 0 0 0
- v ER 0 0 68
- NE 0 0 85
Althaea rosea HAZE 0 0 51
Bctavulgaris L. olg)g] =) 0 0 0
- 2ol & 0 90 71
- Ay 3] 0 0 36
Brassica campestris var.chinensis A7 0 65 10
Paphanus acanthiformis F& 0 23 63
Moutan radicis 2oy 23 3 0
Oenanthe siolonifera g 66 5 7
Poria cocos Wolf. w5 0 49 28
Allium tuberosum £+ 0 23 0
Prunus armeniaca var. ansu A 0 36 0
Nelumbo nucifera A 12 12 51
Evodia dfficinalis QLEFH 0 71 67
Pinus koraiensis At 41 0 67
Dioscorea japonica =5 51 13 51
Lecocasia esculenta Schott. EY 21 0 62
Perilla sikokina X} 27 0 23 22
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Table 3-3-3. First screening for inhibitory effect of MMP-1 secretion

fractions extracted from seaweeds

Inhibitory effect of

Samples .
MMP-1 secretion(%)
Scientific name Korean name Fr.1 Fr4d Frb5
Laminaria japonia t} Al v} 58 13 0
Endarachne binghamiae Y AYEE) 0 0 0
Hizikia fusiforme L3 0 0 0
- SR A 71 (A F) 0 0 0
Sargassum fulvellum B RH(AF) 0 0 0
- A (AF) 0 0 47
- ZHAI 8l (Al ) 0 0 33
Amphyroa dilatata A (A F) 0 0 41
Pachymensiopsis elliptica. F= (A F) 2 0 0
- FEZAF) 0 0 0
Gelidium amansii S E7HAH (A F) 0 0 0
ZEIEAR
Gelidium hakoclatensis 0 0 0
(AF)
B 7FA &7 ALE] 0 0 0
(A=)
_ HE 0 0 0
- Z2HFE(AF) 0 0 0
- 7] =4t 0 0 19
H o gl A
Carpopeltis angusta FEMARE 0 0 0
(A F)
Codium fragile a3 A F) 0 0 0
- A (A ) 0 0 0
- 719 H(AF) 0 0 0
Acorus calamus var.angustatus Besser ZX 0 54 60
- Azl (A F) 0 35 30
- AEE 0 7 35
Codium latum 9 A ZHAF) 0 0 52
Galaxaura falcata Zertek (A ) 0 0 0
Schyzimenia dubi 2L (A F) 0 22 26
Chondrus ocellatus AE2(AF) 0 0 73
Phaceloearpus japonicus Am(AF) 0 0 41
Ishige okanmutrai (A F) 0 0 0
Undaria pinnatifida nP(AE) 23 15 3
Kjellmaniella crassifolia A B (FE 3] 48 0 0
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Inhibitory effect of

Samples ]
MMP-1 secretion(%)
Scientific name Korean name Fr.1 Fr4  Frb5
- 0] (A F) 0 0 36
- A 0 0 36
Pelvetia wrightio z217) 0 0 39
Endarachne binghamiae v} g 3 45 0 0
- I1FUE 7 0 0
Gelidium amansii S Z 7L (A ) 0 0 0
Undaria pinnatifida n A (7)) 15 0 41
- AFola 57 0 54
Chondria crassicaulis A4 0 0 0
Porphyra tenera Frui(£x) 0 23 0
- nIYE 0 0 0
- 7HA| -5 (A1) 0 0 0
- AEAF) 0 0 68
Eoklonia cava ZeAF) 0 51 0
- FZ2AF) 0 0 0
- 13E 0 0 4
Undaria pinnatifida ] H (&4 0 40 0
- g djvir] (A F) 0 0 0
Cystosiria hakoclatensis ] 71 2R 9H(A ) 0 0 0
Plocamium telfarrae EZFE(AF) 0 0 47
Undaria pinnatifida EZ49 (AT 0 0 0
Sargassum fulvellum =3RS, 0 0 9
Undaria pinnatifida u G (3 0 0 0
Enteromorpha prdifera THA B (g E) 34 0 0
Galaxaura falcata Ze 7t AIF) 0 0 0
Schyzimenia dubi ZHAAF) 0 22 26
Porphyra tenera AArA) 0 0 0
- ul & 58 0 0 43
Ecklonia stolonifera 9 (4H) 0 0 46
Monastroma nitidum g(gE) 58 26 0
(Felidium amansii FE27HAR(717) 12 66 39
Porphyra tenera (A 3)) 0 0 0
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Table 3-3-4. Second screening for inhibitory effect of MMP-1 secretion

Samples

Inhibitory effect of
MMP-1 secretion(%)

Scientific name Korean name Fr.1 Fr4 Fr5
Raphanus sativus #Ho 4 22.40 47.87 0
Eucommia ulmoides 5 31.43 68.10 35.62
Angelica gigas 2 16.15 62.11 47.37
Lycium chinense T2 40.66 48.89 39.63
Table 3-3-5. Body weight and survival rate of mice orally

administrated Eucommia ulmoides on acute toxicity

Group No: of Initial body Fin'al body No. of' mice Survival
mice weight (g) weight (g) survived rate (%)
Control 3 3058 £ 215 3198 £ 1.76 8 100
500 mg/kg 8 2998 + 2.78 3151 + 34 8 100
1,000 mg/kg 8 29.11 £ 448 3097 £ 445 8 100
1,500 mg/kg 8 3007 + 323 3125 + 123 8 100
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U, 5% ¥H MMP-1 AN EFDY AA € ¥£53
1) %9 methanol & % {7 &7 &9
UM FHRx3l Ao B2AL Ay s ANE2 MAPE FFE Scheme
3-3-2¢ 71<9 Wil w dFFEE AANSAT FF 2 kgd 43] methanol
%Z3} methanol &2 hexane, chloroform, ethylacetateZ 83 ¥, &
ZAFE methanol 2oz sgic. 4 £¥d=z MMP-1 8444 & ELISA
243 A} Fig. 3-3-17 o] methanol, ethylacetate 3o o=
AAEAHE vebdel wa E dFoME 1322 methanol &3
W 34d S4E2L BE2 & 2o AAE AAAT
Extract three times with methanol

ot room temp ereture for 5 days

Eveparete ot 40T
Methanol extract powders (300 g
l Reflux mth hexane
Supernatent Residue
o
Hexare fraction Reflux with chlarofarm
Supemetant Residue
I Dry
Chloro form fraction Reflux with ethyl acetste
Supematant Residne
| Dry
Ethyl acetate fraction Dry

Meihanol fraction

Scheme 3-3-2. Flow sheet for extraction of active component from
Eucommia ulmoides.
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100

Inhibitory activity (%)

Hexane Chiloroform Ethylacetate  Methanol
Fraction

Fig. 3-3-1. Inhibitory effect of each fraction fractionated from
Eucommia ulmoides methanol extract.

2) Silica-gel 60 open column chromatography

A719] F% methanol #¥& 1, 23 silica gel 60 open column
chromatography 2 #8384 th 1% columnolA] chloroform® methanol 100 : 0
HE 0 10002 FAHAEE 10%4 stepwiseE HIAI7|HA 7 dAY &uE 5
bed volume® £&A1Z ¥ 7+ FE9 MMP-1 8494 EAE HET A,
chloroform : methanol = 20 : 803} 30 : 70914 MMP-1 A &AZE Ze &9
< REsdtkFig. 3-3-2). 1xolA Ead B o2 23 silica gel 60 open
column chromatographyS A A3t chloroform : methanol = 22 @ 7894 7%
E& MMP-1 A8 S 2E €888 Ee3tAHFig. 3-3-3).

3) Prep-TLC

IE8A A7) BEFYEL ODS gel plate(20 x 10 cm)ol A isopropanol : water =
3 : 29 AHAMLuE prep-TLC(thin layer chromatograpy)& A3l €& 571
RS 7t H58o MMP-1 A4 E A A7 Reghe] 0720 3¥ A&
A 71 =& AL BAHFig. 3-3-4).
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4) HPLC

AN g £33 FAHYESL HPLC(u-Bondapak Cis 7.8 x 300 mm)ell
FA31 &3} methanol® linear gradient (H:0 : MeOH = 100 : 0 ~ 0 : 100)
% 3 ml/min®] #&o2 £3F39 FHYEVE TEF F, BAHYES
u-Bondapak Cis (3.9 x 150 mm) columng Al-83t4 & '@ acetonitrile = 97 : 3
S| ZA 02 analytical HPLCE A Al8t) MMP-1 A8 & HolE peaks
AU} (Fig. 3-3-5).

5) AAEA] +2FF

HPLCERE £23 MMP-1 8494 L4 peake ¥Fdte] 'H-NMR (500
MHz, 11.4 TeslaAvance-500, Bruker, German)& ©]-&, T7Z%4 % ¥ chemicals
library & o]&3td ZAMIF A} aucubind} FHAF patterns Bgel wet
authentic®. 2 WakoAte] A% aucubing AM43 'H-NMR 2 HPLC 4%
AANsET 2 A3 Fig. 3-3-6%3-3-73 go] FFo2ZHEH AT AJ8TL Al
@ aucubin® X FoZHN o] A MMP-1 JAZHERE aucubin 2 T3
3t
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40 |
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Inhibitory activity (%)

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 841
i
-20 - v

~ B ey

Number of fraction

Fig. 3-3-2. MMP-1 inhibitory activities of fractions eluted by 1st silica
gel open column chromatography.

Eluant was mixtures of chloroform and methanol (1: 100:0, 2-5: 90:10, 6-9: 80-20, 10-13: 70-30,
14-17: 60:40, 18-21: 50:50, 22-25: 40:60, 26-29: 30:70, 30-33: 20:80 and 34: 0:100)

120

Inhibitory activity (%)

Nummber of fraction

Fig. 3-3-3. MMP-1 inhibitory activities of fractions eluted by 2nd
silica gel open column chromatography.

Eluant was mixtures of chloroform and methanol (100:0 (No. 1), 80:20 (No. 2), 55145 (No. 3),
40:60 (No. 4), 37:63 (No. 5), 3565 (No. 6), 3268 (No. 7), 30:70 (No. 8-12), 27:73 (No. 13-17),
25:75 (No. 18-22), 22:78 (No. 23-27), 20:80 (No. 28-32) 15:85 (No. 33) and 0:100 (No. 34))
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Inhibitory activity (%)

Nummber of fraction

Fig. 3-3-4. MMP-1 inhibitory activity of fractions isolated by TLC.

080000 ’
0.50000 -
©.80600
©.30000
©0.20000 -
©.10006 }}

gooooo- T T T e - -

Fig. 3-3-5. HPLC chromatogram of isolated compound.

HPLC was performed Waters M515 system equipped with UV detector (at 206nm) and Waters B
~Bondapak Cis (reverse phase type, 3.9 x 150mm) using Water : Acetonitrile = 97 : 3
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Standard aucubin (Wako)

Fig. 3-3-6. 'H-NMR spectrum of isolated compound and commercial

aucubin.
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0-10000 = ! 0.10000 i \‘
o A
000000~ o T T e ] 0.00000 4" "~ ..J S
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Isolated compound Standard aucubin (Wako)

Fig. 3-3-7. HPLC chromatography of isolated compound and aucubin.

. F3223¥E ¥ 9 aucubing] A¢FH EA

1) Aucubin®] cytotoxicity

% methanol $ZEL moused o FAZAol fgol FUHYoY
methanol & 258 #8238 aucubing cytotoxicity® FEE EZH o2 MTT
assay & ©]4389 107 mg/ml ~ 107 mg/ml9) =M A S A3 HSES cell
linedl o MEEA L Yel}x Jgit} (Fig. 3-3-8).

2) Aucubin®| 234

7}) Superoxide anion radical A A &4

FZolM 22 aucubin® MMP-1 A&7 e #9387 A8 13doz
FislEAH S =9 Fig. 3-3-9% superoxide anion radical®] A2A8A &
FA% ZFHZ aucubine in vitrodlA AREHE O - 9 2AS L e o
AFE (10 pg/mDET AFEQ 1 pg/ml ~ 01 pg/mlfA 2AF0] E&L ¢
T AR

H) HeOz0 Wik AXH 384

Aucubing] AEZRIZEHE FES Y] Y& BasEa FEE2 AT HS6S
celldl 3t aucubin® Fxo wa}t cell viabilityE ZA}etgch 2 AF 25
mM ©o]3te] HAsHEA M)Al FA T uiE] 30% Wl AERIEAHS U
BAem aucubin® FEo i@ AFHE A7 O - 2ABAHT KA A
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TN Aol ¥ ¥ RAY (Fig. 3-3-10).

t}) MDA A4 A&

Aucubin®] A zAbe] 7 A AFAAE AHBAYE AT 2 A3 Fig.
3-3-11e4 ¢ o] 1 ~0.1 pg/ml9 aucubin H7HA] AL AL A8t aucubin
< H78HA @& Fol uls ok 30 ~ 40% MDA ARAHN adE Hygow v
ZTEHYE 10 ~ 20% =2 #E Jduuid. ol ZAAE2RE T2
methanol F&ENA £ & aucubin® L FABAI old e HETE
TEAHE RYS & F AN

3) MMP-1 A &A

FEo25EH £ 3§ aucubin® MMP-1 A &AL Fig. 3-3-12014 9} o
=0 wet AES A 1 ng/ml o139 FEAME = JEHoz F7lEA
oy 1 ng/ml oA E FFE UehA @itk FH FFolM FId
aucubin®] H83 7l54S AEY HHoz fRxgdAEdE AHEHL e
vitamin E, vitamin C%} aucubin® MMP-1 A& L &4 vwsgdet. 1 A
7 aucubine FEOl FARle] vitamin C& FAIZ AdABAHELE RPoH
vitamin E¢] A $-olv =] e 10 ng/ml ol oA 2AY & dAEA
< H ¥4 1 ng/mldlAE & g Jehddd (Fig. 3-3-13).

4) MMP-2 A 84

Collagenase®l ©& familyd 3lv4¢l MMP-2 9 A1&A4 L Fig. 3-3-1494 %}
Zol 3= wt HESFID. 21 A} 100 ng/ml = o|FdA e BAHFIIE
UEtH A 52X E3E YEMNJI L 100 ng/ml ol A E TR JEFHoR
4o #ATE & F AN =T} A Zo] aucubing HE3 7HEA
€ AES7] Y3} vitamin C 2 vitamin ES} ¥ 33 AA@A Y ANe A4
BEgE Holu JYAE FAW olE EART FEo BAQC S #L yEHY
°2H 471 MMP-19 dA&43% &4 & 443 71548 AAEFEAY
(Fig. 3-3-15).
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Concentration of aucubin

Control
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0 10 20 30 4 50 60 70 80 90 100 110 120
Viability

Fig. 3-3-8. Effect of aucubin concentration on HS68 cell viability.

0.8

075

Abs at 340 nm
(o]
~

0.65

Time (sec)

Fig. 3-3-9. NADH oxidation and scavenging activities of aucubin in
LDH-NADH oxidation assay system.

—h— 1 ug/m —o— 0.1 pg/ml
—— 10 pg/ml —e— contrd
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120

El Control
100 M Aucubin 10 ug/ml
OAucubin 1 ug/mi
> 80 O Aucubin 100 ng/mi
g =
Z 80
@
[
B
2 40
20
0 .

10 15 20 25
Concentration of Ha02{mM)

Fig 3-3-10. Effect of aucubin concentration on viability of HS68 treated
with Hz0:.

160

140 r

120

100 -

80 r

MDA (nM/1%10° cell)

20 r

Fig. 3-3-11. Protecting effects of aucubin on HS68 membrane damages.
The levels of malondialdehyde(MDA) were measured by the reaction with thiobarbituric acid,

. Untreated control

: UVB (100 m}/cm® irradiation only

. Pretreated with aucubin (1 pg/ml) before UVB (100 mJ/cm®)

: Pretreated with aucubin (100 ng/ml) before UVB (100 mJ/cm®)

[wiN @R =l
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Inhibitory activity (%)

20
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Concentration of Aucubin

Fig. 3-3-12. MMP-1 inhibitory effects of aucubin isolated from
Eucommiae ulmoides.

100
;5 80 r
>
E 60 r
[&]
©
>
o 40 +
o
-
E20_

0

100

10
Concentration {(ng/ml)

Fig. 3-3-13. MMP-1 inhibitory effects of aucubin, vitamin C and
vitamin E.

OAucubin B Vitamin C O Vitamin E
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40

T

Inhibitory activity (%)

20

1 i 100 ng/mi 10 ng/mi 1 ng/ml 01 ng/mi
Concentration of Aucubin

Fig. 3-3-14. MMP-2 inhibitory effects of aucubin isolated from
Eucommia ulmoides.

100

Inhibitory activity (%)

20 r

10 1
Concentration (ng/m)

Fig. 3-4-15. MMP-2 inhibitory effects of aucubin, vitamin C and

vitamin E.
OAucubin MW Vitamin C OvYitamin E
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AdeddEAH4FG (DD, insulin-dependent diabetes mellitus)et <l
Z = (NIDDM, non-insulin-dependent diabetes mellitus) 2 -5 9
NIDDMe] ZA ZF7tsta gich o] NIDDM2 oA e] 343 <
T gEEHAA g Pdu glon HAZ olE YEIAE H
T o] NIDDM 32t 5 489 70%9 FA 9 50%7F vte 2 yehy
2 Jed AP E FE3V] Wil veA R AMEHIT Je AL
A, BEFAA, AAg YR Fx 2 FFAH, TEFHZ Fo| NIDDM9 A
e Aoz HudHx oy A ZFu@AEd Slo] B
AALZE Agete 4L A do] oYtk 2ol gF3EY AU FoE
amylase®} glucosidased] 98] Aol Tegoz Eijgd & 423 AyA X
Al F, #E o] 4 BHdte E¥HAE GLUT(sodium-independent
glucose transporters) A9 SGLT(sodium-dependent glucose transporters) 7
g2 gidEY, I=E92 SGLTIY & s AFUdA Fdo. SGLT1S
273U 7 dFel ¥ EIxFwAlEA 4y AXe] BBMV(brush border
membrane vesicle)d] &A37) W&o E5F IHop F5o 9T BHy G
A& AR e FEE A A F9 shitoltt
wEkAl SGLT19 A A
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)

AAFTL F7d #Ael EE3Y FTE ’ilxdﬁoi AdE F dve #
Aol fEAo B} o]& F GLUTL glucosed] &4 AF¢ insulin action®ll
A#F o] glau E3 GLUTIFH 3& basaldl 438 glucose?] uptakeol A g+
t}. o]E transporterZ A& dE @A o} AT/} flavonoidA EZE FTAHL
2 AgHm gloy A FAsAE B A 717 ofy wEAA &
o Aejoltt, HZ flavonoidH quercetin® glucose uptake A 3| L 77t B A&
A A kg BEAYAE AT AEel FHEHA AS AR 4HY, o
BES 2488l AolAY glucose FFE Y& F Uthd vivtel] o3 Zvf
Bk 5 A9 o] tolojEY 2EHXAE Ho & F AT M W

Glucose uptake°ﬂ #3 AFE FE GLUT, SLUT %59 glucose transporter
FA o7z o|FolA gz, H¥, Y BA AFET AY olFoAA &n
Ellwood %€ Caco-2 cell& E3 @3FY FFe o&L 4732
Bissonnette & A7tx @279 F59 glucose transporter®] #HAE 9G4
Caco-2 cello| Al #&3tHth Caco-2 cell line2 <Iz+He) vl AEZEZFE £,
AEAZ cell linee2 A%® E3duls Feirt 29 43 F5 A&HE
F etz Qo] muZs ul£g 99229 uptakelt transportd 71AE& &
8 4 Y 2dz dy AeHo g H2 v 52 flavonoid® glucose
uptake®] A EFHE U937 cellollA] &3 ut glon, HIE A9 glucose &
d AT 2E Onomura =9 ginseng radixol 9% glucose® &5 A7t Ut
2 ure] Stumpel S0l 98] FolA e glucose uptake?t I+ TH AFE HiH
o] gou F2 JHAHYU ATEE AEHd FHAAY AFLo] 27HI
ATt Caco-2 MEFE F2 F&53 229 FF A7 o &=l S HZd
ol28 SGLTI1°) s3] A we BBMV(brush border membrane vesicles)$t
A EZE5Y FF71FY FHol AEHAT. 28y Caco-28 °]8 &FW X
F FFAHNEA B dFE 52 FEEQU T-1095 E29  streptozotocin
4% FuF F¥F AMEF, %2 JEd 9% 2% TEF FEERA,
=3} polyphenol®l ZAZ Na &4 T FHA3 Fol BHia=ol & ¥
A2FA A TG FFANAY Mol B AT vnsH

X & (Punica pranatum)e A%&3 Atz AgobAlol Aol A o] Aujst
71 AFE H5z sPugeE FIE AA AL olFd Sojgten dA=
zg 22 (N, 1F (AYXEYo}), AE TolA tFoz 50F ojde] Aus
3 Qtl. MEdue] AFBEL FZ tannin (104~21.3%), gallic acid (4.0%),
mannitol (8.0%), sucrose (2.7%), pectin (0.6%)3} A9 malic acid 22 T
Aoy Aok dgorde FAE AFHe 2FFAFeR AFde AAEE
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I A o2& IAE &l v Ao @R v Aoy AFIvst &
el 227 F4E Adse agrt Adol BuHoR we gich

HEtA £ dFode Add e FAJez AHHT e vUH dE
A 49w s BxE g o) F# WA glucosed F4E 2HY

F Qe vBaAE A o4e 4EAfonyy Ro) e BYEAY Tz
% B4g FHHT A8} 54 AEHLA S

2. As %Wy

7HAR

2 AFAAM AHEE St A - of g AE o 609 FE A e AW WEH, 3
AN, T SAAA AV BAE ATES 7Y T FFEol AL
HF AE"E N F(punica granatum)= 73
Z A4S AX AERE AHEsAT A¥o| Al8® Caco-2 human colonic cell
line ATCC (American Type Culture Collection)2% & &4t oni DMEM
(Dulbecco’s modified eagle medium), FBS(fetal bovine serum), antibiotics &<
Gibco-BRLAF (Grand Island, USA), sodium bicarbonate, MTT
(3-(4,5-dimethylthiazol-2-y1)2,5-diphenyltetrazolium bromide), DMSO
(dimethyl sulfoxide) &2 SigmaAl (St. Louis, USA)2 % ¥, 2-NBDG
(2-(N-C7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-2-deoxyglucose) &
Molecular Probes Inc. (NY, USA)Z%¥ FY3dtE e, SGLT1L Chemicon
International Inc. (Temecula, USA) A|Eolt} E Ao AlLEH FEL 6~7
%32 SPF, ICR A #ZA mouseZ U AP FTENA Etol A&t on,
AETEL 2% 224£2T, F& 55~60%1A 194 127414 A5 o, 3 A=
& AFRo] FAHAIIEA AFSEA T

L
1) Glucose uptake AT EA AL Az =4

ZkZte] A&+ Scheme 3-4-19 Hho] wet 100CelA 587F blanching e
AAZY E428 EFAPNIIZ $24%2% o8 5000 rpmolA 58, 6,000 rpmel
Al 5%, 7,000 rpmoll A 20%-7F homogenizer (IKA Labotechnik Co. Ultra-turrex
T50, Germany)Z 943 3 5000 x gollA] 3087 AR AL AsdS

F2AAZEY WFEFEEYE(Fr. 1)z gy AAZLE 2471 & ZA T
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#7tg %, FHAAZEEA Fr. O, 0, V,VY &9 2582 24830

Edible Plant
| |b|anch, homogenize, ce|ntrifuge
Supernatent Residue
|lyophilize reflux with hexane

Fr. 1(Cold water extract)
filtrate, centrifuge

Supernatant Residue
|dy reflux with acetone
Fr. 1l (Hexane exract)

|

Supernatant Residue
\dry reflux with methanol

Fr. Il (Acetone extract)

Supernatant Residue
Idry reflux with hot water

Fr. ¥ (Methanol extract)

Supernatant Residue
lyophilize
Fr. ¥ (Hot water extract)

filtrate, centrifuge

filtrate, centrifuge

fitrate, centrifuge

Scheme 3-4-1. Systematic extraction procedure for various edible

plants.
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2) Glucose uptake A3 &A assayAl

Glucose uptake MM TAH ZAHE assayAlE Caco-2 celld 2-NBDGE o] &
3] Fig. 5-13% o] 3t &, 2 2B U T3 F5A8 48
#A8) Caco-2 (human colonic cancer cel)S 6x10° cells/well ¥E2 24
well-plate, 37C, COz incubatoroll Al 13~14¥ ¢t w33 3 PBSE 23] A3
g k¥ PBS 400 &, 100 uM 2-NBDG 500 g, sample (1 mg/ml) 100 wE 3
7veta 37CAA 2A1%F WEgAIZTh o] ¥ AE AASIL MEE ice-cold PBS
2 33 AH3 ¥ 2-NBDGY ¥3ZAM7]E spectrophotofluorometer (7]
485nm, 3% : 535nm)E FAH AL Glucose uptake ¥ =4 H|X &= HNEF
dFE BN F7] ¥l MTT assayE o5 2ol AAsAh F3A7]
1 €9 well plateo] MTT &9 (5 mg/ml) 50 & 7}&te] 37°ColA 3A13t
AlZL F 570 nmAlA EFEE FAsIATH AR 9T =T FF AHAE
ot Ao wep sk T

it

(o]

flo oo o o
my ook

ox % I 1

Inhibitory effect (%) = [(Fc - Fs) / Fc] x 100
Fs : A& Aeg Ayt FFA7
Fc : A8 E AgstA &L AdT79 P37

Glucose transport &4 transwellg o] &3l A A3 2 (Scheme 5-2),
BBMV (Brush-border membrane vesicles)& ©}-§ 3 glucose uptake #3842
Scheme 5-3% Z& assayAl& &3 ¥ FAAY. £ o A &4 F
Z£8§F <9 SGLT1 (sodium-dependent glucose transporterl) Zd& AHE7] ¢
3t ELISA (Enzyme-linked immunosorbent assay)& ©]-&3e] SGLT1 A3 &
A& HE}AD

3) Glucose uptake ANZZEZZ9 in vivo 54 4%

AHE M F methanol FEE9 FASA 955 &Astr] 984 ICR mouse
(male, 6~7 weeks old)E o}&38tad A8 E 0, 500, 1,000, 1,500 mg/kgd] T&=F
ZAE F 7 22 8729 moused] 859 FHRZ 3F B FHI}AL. 3F
¢ AU E AT HFTUMA AES vl FE FF F WEEE X

kA=
4) In vivool A 9 glucose uptake AH A
AYEFEEL AF 30g HY 9 ICR mouseE TU8Y IdFUzt HeA F ¢
< A

Byl os) AT Bw A¥FoR 7 2% 8 vheld YE ¥ T
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methanol FE&& FH3A & o7 1,000 mgkegd T2 &5 3
Fite Foz —T‘-“i’—@}‘ﬁu}. % e dFde HSE 3 °]

o Hu

3 FAG ¥ ¥9 FE7} 200 mg/dL o)A %h%t‘é mouseRt A @ A&

Aok 3T Aol F 5H FAR, Aol A, &7 HAZ, 55FA 4
& 1271 A7 F mE] Aol A

7, initial data® 5&

L 1408 m| e

Attt

m{n

il 0

HE iﬁﬁﬁ}fﬁ 2%/\] 49 F£e
BT F 308, 60, 90

ks W3 @8R 2

Jz
HU
-z
il
)
s
ol
o

-ll)l ML EY

Seeding Caco-2 cells
(6 x 10* cell/24 well plate)

Culturing flor 14 days
Addition of gluclose—free DMEM
Washing twilce with PBS
Incubation with reaction rrfixture for 120 min at 37C
Washing three timesl with ice- cold PBS
Addition 0{200 L PBS

Measuring fluorescence intensity of 2-NBDG
(Excitation: 485 nm, Emission: 535 nm)

Addition of 50 L MTlT solution (5 mg/mL)
Incubation at 3}7°C for 180 min
Addition of i mL DMSO

Shaking well plate lat 280 rpm for 5 min

l

Measuring absorbance at 550 nm

Fig. 3-4-1. Glucose uptake assay system in Caco-2 cell.
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Apical compartment
Reaction mixture

| o
iy it

)
4

Caco-2 cell monolayer Microporous membrane Basolateral compartment

<>
T

Scheme 3-4-2. Intestinal glucose uptake and transport assay

system.
i i Preincubation ,'J Incubation
L L
' 37c, Smin / 37c, 15min
BBMV and Addition of ImM Centrifugation at 15,000 rpm
uptake buffer 2-NBDG and for 20 min
sample
Peliet Washing
twice
Measurement of BBMY | O OO O
glucose uptake with |O OO O
spectrofluorometer OO0 O

Scheme 3-4-3. Flow sheet of glucose uptake assay using BBMV

from mice intestine.
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5) AR A% AF9 methanol FF 2 {F718v &3

HFez 7T AF E9E 100TlA 587t blenchingste] AAX W a4E
E#8A8A171 3, hand mixer2 FA wtaid F 1 kgd 4F £Z-& methanol 10
vl RO 4CAA 2F T AAAF|IEA 28] FEI F
methanol FZE& XA FEFEZ5E methanols
hexane, chloroform, ethylacetate® Z2t 59 H#9=2 &F F
2o 7188 EE A3 AT (Scheme 3-4-4).

Paaica grasstam (1 kg)
Extract three times with methanol

at room temperature for 5 days

Evaporate af 40°C
Methanol extract powriers (560 g)
CM
Reflux with hezane
Supernatant Residue
E
M-H Reflux with chloroform
Supernatant Residue
o
MC Reflux with ethyl acetate
Supernatant Residue
E
M-E Dry

M-M

Scheme 3-4-4. Flow sheet for organic solvent fractionation of methanol

extract from Punica granatum.
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6) 472458 glucose uptake ASNFAAZHA ¥ L A

CHCZ &433d silica gel 60 columno] 7)€ £8& E3] o 25
°]Z2l M-M-& chloroform™ methanol& A}&3td 1, 23} silica gel open column
chromatography& A8t SAEAS Eadnt dudd e 539 84 §
9 #HA EEc oY MeOH : water = 4 1 19 #H&uwE ALE,
ODS gel plate2 Prep-TLC (Thin Layer chromatography)& A A&t 570¢ &
o2 #8399t HPLC Cis column (Preparative HPLC, 7.8 x 300 mm)ol
2H8ES FY3ta MeOH : water = 95 : 58 A/ E&vjE Al-€3t9 3 ml/min
o F£5082 £& GAHYETS 55T F 23 HPLCE L=l HAge
2 AeEdS FASA

7) A5 ¥ glucose uptake AHBYEZ] 7284

HPLCZ AA® 49 'H-NMRE 600 MHz, “C-NMR< 500 MHzol 4 A&
9 clsket oF (ppm)& #Aek o, EI-MSS FAB-MS spectrum$ %3
seict.

3. a3

7t A - & A EZRE glucose uptake AHFAHAED] #AA L A g9
A3

1) 4 - 82 EZ2E glucose uptake AA TP ERA9 14 AAM
FUAE 2] - FEAZRZRE H Y. B o8 glucose uptake 2 1) A A)

g 283717 3 1Az UM 7|Ed WA we z2AG FEE 609

He WdLE glucose uptake AIHTHEAES HA% A% WY+ %5 (Fr.

DlMe 535, 37, 4sH, 4F Sol, g 25 Fr. M)odAe dd4,

=2 Fol, 7 FEE Fr. V)dAME d So] dx2FEY & AHEH8S

YEF A H(Table 3-4-1).
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Table 3-4-1. Screening of glucose uptake inhibitory activity of plant

extract
Sample name Inhibibory eflect (%)
Conumon name Scientific name Fol Fr IV Fr V
Chicory Cichorien inppbus L. -32 -11.3 -17.5
Headanghow Rosa rugosa 313 225 52
Hawthoon frait C"“’asg“;ﬁfgﬁw" var 217 276 88
Mogua Pseudocydonia sinmesis 12 <20 -6.1
Arvowroot Pueraria thambsrgiana 145 133 100
Dodder Cuscuta japonica 156 =317 -151
Marsh mallowr Malva verticllon L. -88 -85 49
Apnicot Pruvaus anrneniaca var. ansu 181 -304 -13.9
Shepherd’s purse Capselia bursa-Pastoris 6.3 -30 97
Peppermurt Menta arvensis var japonica 55 79 -15
Red pepper leaf Capsicion arvuam -08 7.0 145
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Sample name Inhibitory eflect (%)

Common name Scieniific name Fcl FeIV Fr¥
Ginseng Panax gingseng 938 g4 -114
Pine needles Pinus densiflora 24 6.1 -143
Green €a Gramonmm camphora 36 295 120
Job’s tears Coix lacryma-jobi var. ma-yuen  -47 10 -5.2
Zandas Adenopf;;rg:zo:';zﬂhzﬂa va. 70 134 63
Broccoli Brassica oleracea 127 56 28
Kale root Brassica olsracen 149 -136 -16
Com salad Valerianella locusta 224 161 244
Doragi Plapcodon grandiflorum 345 -102 157
Day lily Hamerocallis aurantiaca -12 -32 90
Radish Raphanus sativus 125 34 216
Chicory Cichorium infybus L. 320 113 175
Hollyhock Althaea rosea Cav. 166 113 -199
per?mﬁ::o N Disopyrus kaki 250 80 39
Wild rose Rosa rugosa 183 265 62
Sansuyu Comus offiandis 281 164 132
Ginkgo Ginkgo biloba 30 120 35
Pomegranate Punica granabum 353 380 290
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Sample name Inhibitory effect (449)
Common name Scientific name Frl iRy RV
Moosoon FPaphanus acanthiformis -170 06 -151
Plum FPrnus nume Sieh. Bt Zuce. -179 0.5 46
Honghwa Carthamus finctorius 24 286 69
Jandea Adgnophora tryphilla var. 70 134 63
Japonica ' ' e
Plantain Plantago asiatica -233 92 347
Gardenia seeds Gardenia jasminoides -2.0 -116 g3
Yuza Gitrus junos 6.7 120 -134
Endiv Clechorium endivia -224 161 244
Apricot FPrunus ameniaca var. ansu 8.1 304 -139
Goandonghw Tussilago farfara L. 02 -30.4 12
Clematis Akebia quinata -120 6.3 -54
Omija Schizandra chinensis 21 36 -333
Sweet flag Acorus calamus L. 90 12 -1.4
Ginger Zingber officinaly -142 05 -20
Dedeg Codonosis lanceolata 39 11 -16.4
Cactus Opuntia ficus-indica Mill. saboten 60 33 141
Malkino ' e o
Mourtain berries Rubus corsanus 176 -43 6.1
Chinese bellflower Plafycodon grandiflorum -345 -102 -157
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Sample name Inhibitory eflect (%)
Common name Scieniific name Fo.I¥ FoIV? FoV?
Persimmon leaf Diospyros kaki 289 19 280
Licorice root Glycyrrhiza glabra 149 139 0.7
matm;em Lycium chingnse 126 160 97
Cinnarmon bark Cinnamomu lowreirii 152 -120 149
Orange peel Cbrus unshiu 306 125 11
Milk vetch Astragalus membranaceus -14 213 148
Danggui Angelica ggas 250 6.9 28
Jujube Zizpphus jujuba var. ingrmis 223 232 33
Doochung bark Fucommiaulmades 262 -4.4 6.7
Doochung leaf Fucommiaulmades 300 83 94
Dunggulae leaf Polygonatum japonicum -145 46 -128
Dunggulee trunk Polygonatum japonicum -149 24 -121
Wormwood Artemisia vulgaris -122 -192  -166
Cherokea rose Rosa laevigata Michx. 46 176 52
Bangpung Sapohnikovia divaricata 78 199 .16l
Am]j?g;?gsa:;wb ; Acanthopanax sessiliflorum 6.3 226 -193
Chinese quince Pseudoctdonia sinensis 12 20 6.1
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2) Glucose uptake A EA A 89 23 AH

AR AAE, AAE, F5d @498 e AsdAe A8
o2 1A HMA Aol AW ANEE UF FUTF F o5

uptake A3 &4, transport A& L BBMVel 23 uptake AHFAH T
ZA3 A & Caco-2 cell¥} 2-NBDGE ©]&3% 13} glucose uptake A & oA
S AHEALAE HEHURE 2 €5 FEHE, AF deg 288, 994
HegE FE2EE, 55U UF FE2HEE o2 23 SA4449e A% 43
AR des FEE 7P & ABAH L JeERRH(Fig. 3-4-2). Transwell
& ol83l9 glucose transport P AAIE A} 7 BAEY glucose
transport AL 12 ¥ 2% glucose uptake AMEA HFAAY HAHE
%S B YH(Fig. 3-4-3). Fig. 3-4-4= BBMVel] 93 glucose uptake 3%
Ag F4% AARE HF dEgE FEE0) M S AHEAEE YEUdY =

|

3t FEFEE9 SGLTI1(sodium-dependent glucose transporter 1) A &Al o 7
Ay 9FE AESY] 93] ELISAE o] &3« SGLT19 #gAZFL =43 2

I, #HYH ez AFY dEg FE5E0 2 A4AEANE Yelyd v (Fig
3-4-5). o]l Caco-2 ¥ BBMVel €3t glucose uptake, glucose transport %
ELISAC] o3t A dAEA T AgEd4E 7122 M F vagdg F52HE

e ANEE A3
B c

Fig. 3-4-2. Inhibitory effect of glucose uptake in Caco-2 cell.
Al NF dEE $58 B 7Y €5 FEF C g9z dEE 228 D F53Y 3F 2EE

40

w
o

N
(]

Inhibitory effect of
glucose uptake (%)

—
o

A D
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Fig. 3-4-3. Inhibitory effect of glucose transport in Caco-2 cell.

A HE dge 258 B #Y 94 #2FE C guy dEgE FE2E D F3YE BT FEE

40

30

20 ¢
10
0
A B C D

Fig. 3-4-4. Inhibitory effect of glucose uptake in mice intestinal
BBMYV assay system.
At AE dge 3328 B 7Y g4 28 C U4 A9 F28 D FEY UF FEE

Glucose uptake inhibitory activity (%)
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Activity of SGLT1 down regulation (%
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Fig. 3-4-5. Detection of SGLT1 regulation activity in Caco-2 cell by
enzyme-linked immunosorbent asay.

A M Wgg #25 B #Y dF & C dd4 A€ £ D 7Y ¥F FE2

3) In vivo°l A 9] glucose uptake A 3] &A
2719 22} in vitro glucose uptake Al EA HES FAlo] 499 AEE o
A0 2 glucose uptake & in vivo AE L AAFO RN in vitro$} in vivo B
FoX =& AL 2= NBEE JAFAEE AAS A AT 2 AH} T
w5 mouses 453t AP 7)ol A 100% AHEF (Table 3-4-2)& YERR
o, FAAUA A FAL Aoyt S48 AL (Table 3-4-3), IPGTT
(intraperitoneal glucose tolerance test) A3 Table 5-40] YepdH wle} ol
A% methanol 58 F9IT< Fufd H9 4F methanol & Fof o199
HAEHT F9402 3 s Bk ¥ oy 7t A85E F4% FHY &
AozHE zA3 BBMVe| 9% glucose uptake AL &4
T3 7|2t A F methanol FEE FATAA 2 &4 &
Atk (Fig. 3-4-6).
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Table 3-4-2. Survival rate of experimental mice orrally
administrated Punica granatum

Dose Survival rate
No. of mice No. of survival
(mg/kg) (%)
NC - 8 8 100
DC - 2 9 100
A 1,000 9 8 100
B 1,000 9 8 100
C 1,000 9 8 100
D 1,000 9 8 100

Table 3-4-3. Effect of Punica granatum on weight gain, energy intake,
intestine in diabetic mice

Water intake Food intake Weight Intestinal Intestinal

G
roap (ml/day) (g/week) gain(g) weight (g) length (cm)

A 22.11 £2.2 3841 £25 365 £ 261 066 £ 0089 1298 = 156
B 2785 + 28 5584 +45 -735+60 133+ 013 2352 = 263
C 2412 £+ 15 5218 £+ 13 -662+ 165 146 + 039 2483 = 371

A ! Normal control
B : Diabetic control
C ! Punica granatum methanol extract (1,000 mg/kg)
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Table 3-4-4. Effect of several plants extracts on intraperitoneal

glucose tolerance test in diabetic mice

“Blood ghucose level {mg/dL)

0 min 30 min 60 min 90 min 140 min
NC 98+10 21011 187+ 14 125419 10049
DC 300+ 382#21 410418 380+ 320421
A 305421 340£12  383+14 312417 298%19
B 2902 370419 359+ 34047 321+
C 240£15  338%19 350+20 3101l 305%10
D 238+17 29810 350£20 320116 31319

Extracts of Punica granatum, Diospyros kaki, Raphanus sativus and Eucommia ulmoides were
supplied in tab water (1,000 mg/kg) with normal feed for 4 weeks. Values were meanzS.D. of 8
~9 mice in each group.

NC : Normal control mice

DC : Diabetic control mice

A : Diabetic mice supplied with methanol extract of Punica granatum (fruit)

B : Diabetic mice supplied with hot water extract of Diospyros kaki (leaf)

C : Diabetic mice supplied with methanol extract of Raphanus sativus (fruit)

D : Diabetic mice supplied with cold water extract of Eucommia ulmoides (leaf)
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Fig. 3-4-6. Inhibitory effects of glucose uptake in intestinal BBMV
from diabetic mice supplied with four kinds of extract for 4 weeks.

Glucose uptake
(Fluorescence intensity)

Extracts of Punica granatum, Diospyros kaki, Raphanus sativus and Eucommia ulmoides were
supplied in tab water (1,000 mg/kg) with normal feed for 4 weeks. Values were mean+S.D. of 8
~9 mice in each group.

NC : Normal control mice

DC : Diabetic control mice

A : Diabetic mice supplied with methanol extract of Punica granatum (fruit)
B : Diabetic mice supplied with hot water extract of Diospyros kaki (leaf)
C : Diabetic mice supplied with methanal extract of Raphanus sativus {fruit)
D

. Diabetic mice supplied with cold water extract of Eucommia ulmoides (leaf)

4) AAY A§F methanol F&E9 in vivo ¥ 54
HZE ANEZ A" AF methanol FEEY FAEA

FEZ2ES 0, 500, 1,000, 1,500 mg/kge] 3=2 AT F Z +9 87tg]¢ ICR

mouse®] &&59 FHZ 3FFL FFI FHA HES

T TolA 100%9 AEeS RYozM MF &

i
2
ieS
o

vivo BAEAAYY AAEZREH HFHoE A FO methanol FEES
glucose uptake A FAHEZAY A FZ AAS AL
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Table 5-5. Body weight and survival rate of mice orally administrated
Punica granatum on acute toxicity

No. of

No. of Initial body Final body X Survival
Group . . ] mice
mice weight (g) weight (g) . rate (%)
survived
Control 8 30.12 £ 235 3298 = 2.16 8 100
500 mg/kg 8 2943 £ 261 3151 + 3.24 8 100
1000 mg/kg 8 2978 £ 355 3097 + 445 8 100
1,500 mg/kg 8 30.17 £ 323 3125 + 1.23 8 100

Y. AF 3 glucose uptake A NS E A AA
1) 452 methanol & 2 #7]8v #3

Glucose uptake A3NTA ZALE AAsr] Y3 A= A4d AFE
Scheme 3-4-4°] 7]€® WHd wz gFFEFE AAIH HAF 2 kes
methanol® %3t ¥ hexane, chloroform, ethylacetate® #83ld = FALE
methanol 822 3ttt 2 EHE glucose uptake AN E SAHS Ao
Fig. 3-4-791A ¢} 7o| methanol ¥ 8 %E, ethylacetate 28 E £o2 T2 A3

g4<& dehiio
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Fig. 3-4-7. Inhibitory activity of organic solvent extracts from Punica
granatum on intestinal glucose uptake in Caco-2 cell assay system.

Glucose uptake inhibitory activity (%)

Inhibitory activity on intestinal glucose uptake was determined according to the methods

previously described in scheme 4. Final concentration of sample was 0.1 mg/mL. Data represent
the mean (n=3) #S.D.

M-H  Hexane extract of Punica granatum
M-C : Chloroform extract of Punica granatum
M-E : Ethylacetate extract of Punica granatum
M-M : Methanol extract of Punica granatum

2) 1A silica gel 60 open column chromatography

471¢] methanol ¥&E&S chloroform¥ methanol< 100 : 0%E 0 : 10022
FAEE 10%Y WEA7IHA 2+ 5 bed volume? stepwiseZ2 &E A7 F,
7t &9 glucose uptake A &4 &HE ZHESI A3}, chloroform : methanol
= 80 : 20914 714 ®2 glucose uptake AT S Z= JES EsiAd
(Fig. 3-4-8).
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3) 24} silica gel 60 open column chromatography

289 g4 8E S chloroform™® methanold 100 : 0, 8 : 15, 83 : 17, 80 :
20, 77 1 23,75 :25 70 : 30, 0 : 100 £22 &£&3l9 AP S SAHS A=
chloroform : methanol = 80 :20914 7} %2 glucose uptake AMEAFE 2zt
L2498 S LAk (Fig. 3-4-9).

4) Prep—-Thin layer chromatography

284 A 88 ODS gel plate (20 x 10 cm)9l 4] methanol @ water = 4 :
19] A 7}-2u] 2 Prep-TLC (thin layer chromatograpy)® AAl8ted 5719 o
2 23 3 AP S AT AFJE Fig. 3-4-10% #Zo] RX|7F 7P &L
PG-1 g&o] 714 =& AfEH & YEAUTH

5) HPLC
2ag #FAEEES Cis column (Preparative HPLC, 7.8 x 300 mm)oll ¢ 3}
I MeOH : water = 95 : 52 AALWE A&t 3 m/min®] &z &&3
o FAYPETS wol =3I F 23 HPLCE FYx7dA AAg AF Fig.
3-4-113%4 o] ¥i3 £Z7} 5& AHLAHAER S AT F AATH
Table 3-4-6& 4% methanol £ E2HE HA PG-la EF712¢] AAGA
2 5F8H ICos T AR F8E 03%E RAAT ICosk2 239 7
3 562 pg/mlE BYoEA AEHHY BA2ZAE Ay Ee ¢S YEh

2
ATt

2

ot AAEA PG-1a9 +Zx3H4

AA2A PG-la B3¢ F2H437] 943 'H-NMR, °C-NMR, FAB-MS,
EI-MS & 2735tk 'H-NMR spectrum (Fig. 3-4-12)& 7.7% 7.6 ppm9]
aromatic proton® 0.8 ~ 1.7 ppmollA] x]g® alipatic proton signalE<& E RS
™, BC-NMR spectrum(Fig. 3-4-13)2 169.4 ppm®| ester carbonyl ©4¢ 67.3
2 670 ppmolA] hydroxylated aliphatic B2 signal® Yel At EI-MS$t
FAB-MS spectrum& [H+H]™ 419 m/z¢ [H+Na)® 441 m/z9] 5 peak’} Y3}
g o EI-MSS base peak (149 m/z)= phthalic acid 719 EAE AlALsHE
A Bz 4189 EAYS YehUY. E3¥E FeCls, ninhydrin, bromocresol
green S} 93 TLC AAMEe& Yelyx gLz n HA PG-lad T2E
phthalic acid®] diisononlyester %% hydroxyl alkyl ester2 8% 4+ AU
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Fig. 3-4-8. Inhibitory effect of M-M subfractions eluted by the first
silica gel open column chromatography on intestinal glucose uptake in
Caco—2 cell assay system.

Inhibitory activity on intestinal glucose uptake was determined according to the methods
previously described in scheme 4. Sample concentration was 0.1 mg/mL. Eluants were mixtures
of CHCl; and MeOH (100:0 (Nos. 1-2), 80:20 (Nos. 3-5), 70:30 (Nos. 6-7), 60:40 (Nos. 8-9), 50:50
(Nos. 10-11), 40:60 (Nos. 12-13), 30:70 (Nos. 14-15), 20:80 (Nos. 16-17), 0:100 (No. 18); v/v).
Data represent the mean (n=3) +S.D.
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Fig. 3-4-9. Inhibitory effect of M-Ma subfractions eluted by the second
silica gel open column chromatography on intestinal glucose uptake in
Caco-2 cell assay system.

Inhibitory activity on intestinal glucose uptake was determined according to the methods
previously described in scheme 4. Sample concentration was 0.1 mg/mL. Eluants were mixtures
of CHClI3and MeOH (100:0 (No. 1), 85:15 (No. 2), 83:17 (Nos. 3-8), 80:20 (Nos. 9-14), 77:23 (Nos.
15-20), 75:25 (Nos. 21-23), 70:30 (Nos. 24-25), 0:100 (No. 26); v/v). Data represent the mean
(n=3) +S.D.
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Fig. 3-4-10. Inhibitory effect of fractions isolated by the TLC on
intestinal glucose uptake in Caco-2 cell assay system.

TLC was carried out on ODS gel plate with methanol and water (4:1) solvent system and

detected with UV lamp (256 nm). The concentration of sample was 0.1 mg/mL. Data represent
the mean (n=3) +S.D.

PG-1 ~ PG-5 : Fractions of preparatived by the thin layer chromatography
M-Mb : Active fraction obtained by the second silica gel open column chromatography
CM : Methanol extract of Punica granatum
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Fig. 3-4-11. HPLC analysis of the purified fraction, PG-la, on
symmetry C18 reverse column.

The HPLC analysis was performed with a Waters 2690 system equipped with a UV detector (at
228 nm). The column (7.8x300 mm) was eluted with the linear gradient of 90~100% methanol
indistilled water at a flow rate of 2.0 mL/min. Injection volume was 60 z£.

Table 3-4-6. Yield and ICsy of intestinal glucose uptake inhibitor,
PG-1a, isolated from Punica granatum

Yield (%) “IC o {pgfmL)
e thanwl exctyact 50 131.8
(ChD)
Fracitionaied nwe thanol exiract a5 111.1
(M-I
Firstgilica gel 178 1163
(M-Ma)
Second silica gel 7 962
(M-Nb)
Pmp. TLC 2 567
FG-1}
P.l‘.l!p. HPLC 03 562
(PG-la)
a) ICsx = The concentration required for 50% inhibition of intestinal glucose uptake
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Fig. 3-4-12. 'H-NMR spectrum of intestinal glucose uptake inhibitor,

PG-1a, isolated from Punica granatum.
PG-la was dissolved in MeOD (methyl-d3 alcohol-dl) and recorded on high resolution NMR
spectrometer (Avance-500, Bruker, German) operating at 600 MHz and 25T.

Fig. 3-4-13. ®C~-NMR spectrum of intestinal glucose uptake inhibitor,

PG-1a, isolated from Punica granatum.
PG-la was dissolved in MeOD (methyl-d3 alcohol-dl) and recorded on high resolution NMR
spectrometer (Avance-500, Bruker, German) operating at 500 MHz and 25C.
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Fig. 3-4-14. EI-MS spectrum (A) and FAB-MS spectrum (B) of
intestinal glucose uptake inhibitor, PG-1la, isolated from Punica

granatum.

The spectrum was recorded on positive ion EI mass spectrometer and on positive ion FAB mass
spectrometer (JMS-AX505WA, JEOL, Japan).

- 121 -



2. AF2RY 29 PG-1a9 glucose uptake A3 &4

A% methanol FEFEZYEH B33 EHA PG-lag AsEd H7E
glucose T AAZ d8 ¢#R phlorizin (0.1 mg/mD¥ vz & E
A A8 M5 E AEIFNnA Y. 2 A3 Fig. 3-4-159 2o 5% E
A AAEH F 10% L AAGH L JedozA 5 EHd9 44
FAA e dte] wat v)vk - G o uhE glucose EFANERZA S A

43t 7be A S AlAbsEATH
b ¢ M

Phlorizin
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Fig. 3-4-15. Inhibitory activity of intestinal glucose uptake inhibitor,
PG-1a, isolated from Punica granatum in Caco—-2 cell assay system.

Inhibitory activity on intestinal glucose uptake was determined according to the methods
previously described in scheme 4. Final concentrations of CM and phlorizin were 0.1 mg/mL.
Data represent the mean (n=3) +S.D.

a: 0.1 mg/mL

b : 0.05 mg/mL

¢ : 0.02 mg/mL

CM : Methanol extract of Punica granatum
Phlorizin : Classical inhibitor of SGLT1
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- 123 -



MNded, AZA@AEER 5 A8 FRe gdaA eu 71—“”‘“‘“"“ o &
A=l B43H 0] 3UA Fon olg AF A= FA £ vHF Aol
A HRFREANF U2 #4F Q8] BAE AFEC] AFHL o
716 HEA W 2 ido]l FYEol A B et

AFoAME ofF] LAEFL 48 e goz ALEste] A HF
AEAEAN Z4F AL BN, FEF HE2ES £Ysto 7]

E9 AAZ Mstua o)

g

1

§)

o Ak

£

olf

> e e L

2. A3 NEsSERY AY FHER F& 2319 A5 4 94 59
AA 3y o4

7}. %X}(Citrus junos)Z4%-H acetylcholinesterase inhibitor A %] Z4 3

ES

A 1&A 72 (Citrus junos) 20 kg & ZXE acetylcholinesterase inhibitor
AEE FHHoE UF FE357] Y3 10 L& steam jacketo] #FH FEI|E
AL8-3E Tk oF 58919 methanol® 16 AlF 59 43] wHE F&& 2 1 A oF
700 g9 T&& 53929 lab-scale 9 data®} AA 2R @ A3 84
< E3AT (Table 3-5-1). &3t fxte] A9 #FH7t AAFA S o 55-60%E A
At #59 70-80% o4& ol FHH U7l WEd A A 20 kg2 ®
B FE2d 4459 £82 o 4% By =3 #8534 y i
FH5/33 EFES A4 methanol2 FE3 Ad 84 4% 274 #5
FE2EAAM o & A3 8498 U T & AT (Fig. 3-5-1).

Table 3-5-1. Inhibitory effect of Citrus junos methanolic extract
against acetylcholinesterase.

Sample conc. 50 pg/mé 90 pg/mé 130 wg/mé
Lab scale 25 % 43 % 54 %
Bench scale 23 % 45 9% 5 %
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Inhibitory effect against AChE (% value)
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p

Fig. 3-5-1. Inhibitory effect of Citrus junos against
acetylcholinesterase. The percentage activity value for each section was

calculated as compared to the control activity (100%). Sample concentration
was 50, 90, 130 ug/ml, respectively. Values present the means (n=2) +S.D.
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* 394 €59 AA A

Citrus junos
| Extraction with 20 x vol. ol methanol

|
} for -1 hr,
1

e |

Ethunel extract Filtrated residue

Evaporalion
Hvdration with nunimunm
distilied water

Mixnig with three imies n hesane

Agitation_and_stand f;rlxvml%f hr

|
i

Water laver Hexane laver
I
b Mixing with three times Chloroform
o Aation and stand for 12 hr,
;

Water layer Chioroform laver
| . . .
I Mixing with three umes Ethyl acetate

! Agitauon and stand for 12 hr.,

t

T
Water laver Friwlacetate layer
First silica gol column chiomaiography
Ilunon wath reverse phase bufler

(Chloroforim:Methanol TO0G=-0 T

t

<l (@F e

(b’()i'!.()) (7()Ii}0)

Sccond sthea gel column chromatograpty
Ehution with reverse phise butter
| iChloroforme-Merhanol TOO- 01000
CJ-3
(86:14)

Scheme 3-5-1. Purification procedure of acetylcholinesterase inhibitors
for industrial purity from Citrus junos.
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£

. IFZ 5 ¥ choline acetyltransferase 84 A¥9 ¥44 & 2 AA

e QFA Zizyphus jujuba (F)ZF-E] choline acetyltransferase 4532
o YA FE2x1E OFH Zo] HEF}AT AR 10 kgoll A seedE A 78t
blader mixer2 W AEA T F A9 FEIE AMEst] o 5 ui¢
methanol2 4 A 43] B8 253953 1 A4 ¢ 15 ked] F&& 5313
o lab-scaled data® &4 F& BuE 9 zA ttEx = AL HYTH
dH 2EHE, & lﬂﬁi —’?‘—%3‘} % choline acetyltransferase actlvatlonoﬂ 18}

u}

e vlastgn. 2 A% FEAL9] o

+

Fe dge x7] FEe) ta 9IS FUx
gHolHe) MatE olu s < able 3-5-2, 3, 4), o] heating®] 4 ¥
&

o olA ELaF JduyAE daT

Table 3-5-2. Activation effect of Zizyphus jujuba methanolic extract on
choline acetyltransferase

Sample conc.100 pg/mé 150 pg/mé 250 wpg/mb
Lab scale 26 % 37 % 47 %
Bench scale 23 % 40 % 48 %

Table 3-5-3. Effect of extraction temperature on choline

acetyltransferase activity

20 C 30 C 50 C
Lab scale 39 % 46 % 45 %
Bench scale 40 % 47 % 47 %

* Sample concentration was 250 ug/mé
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Table 3-5-4. 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/mé

* TY93 €59 34 ¥4

Zizyphus jujiha
P Extraction with 20 < vol of methanal

for 1 hir.

{

Ethanol extract

Fyvaperation

'

FFiitrated residue

Hvdration with moamum

deztilled wiser

Mixing with three tmes a-liesane

L Agitauon and stand for 12 hr

-

Water luver

i Mixing with three limes Chlovoforin

Agitation and «tand for 12 hr.

[exane layer

[ ————

Warer layer

h

Fvaporation of water layer

Scheme 3-5-2. Purification

procedure

|

Chloroform layer

st sihea gol columr chromatography

Flution with reverse phase buffer

(Chloroform:Methanol 1000—010(1

|

Zi- 1l
(8(])22())

1
Second sthea gel columm chromatography

Zj 1
(K10

i

Flution with reverse phase buffer
(Chloroform Methanol LR 01001
Zi-1
(90:10)

of cholineacetyltransferase

activator for industrial purity from Zizyphus jujuba.
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o. F5oz25H MMP-1 JA8A A2 Td3 55 2 A

) 7% 3H MMP-1 dAZAHERDY TH4H 55z ¥
FEOoZRE MMP-1 dASAHERA FHY FE=x ﬁ% A zst7] A
70% methanol® 5 L& bench-scale®] %7} % 05 L€ lab-scale®] &7 #+&

b

718 AHEEtY FERX W, FEAME, FE3FE 20 BE 424 2 F
Z1Y 23S Lab-scale?} H|i HEFOZMH bench scaled THH FE2x71&
gystaat st Table 3-5-5¢1 vebd whel Zo] Lab-scale? bench-scale
EF 60TAA FEE FFT MMP-1 JA#AC] 7 %o & F£&2
EF7tel e FUtste AEE HAY FEILE 60CHAA FEAE A&
d& &A% AN bench-scale 40% o]’dolA Lab-scaled 60 o]l A
gAY F7te Jeldx] gsken Lab-scaleZth bench-scale 2 $-7F $& 1%
B 2 dAFEAl tdh $5FE BEHtHTable. 3-5-6). FE %% FEMZL

;

S 717t 60T Y 6022 nAAI L FE3eE JAANLGEIE FHT 2%
Fig. 3-5-2¢14 % o] A3 F&Eo] 714 skow 28+= 15]4 80%, 33+
55%, 43] o]|ZFolE 20% ©l3tE YEldozH HAH FZISFE YT ¥ F

JdAth o] 49 bench-scaled F&ZXAEL Lab-s cale°ﬂ v 3] & zto]E H.olA
%S 224 bench-scaled] A FEZHALZ FEFXE 60T, FEAZ 607 F

_?-_
23 33 T2 FHT + AU

Table 3-5-5. Effects of extraction temperature on MMP-1 inhibitory
effect and extracted solid amount

40C 50C 60°C 70T
Inhibitory effect (96)
Lab-scale 52.1 60.5 68.9 64.3
Bench-scale 52.5 64.6 70.2 67.5
Solid (kg)
Lab-scale 0.18 0.21 0.25 0.30
Bench-scale 2.24 2.31 2.96 3.25
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Table 3-5-6. Effects of extraction time on MMP-1 inhibitory effect
with 60T methanol

40 min 60 min 80 min 100 min 120 min

Inhibitory effect (%)

Lab-scale 58.6 69.2 68.8 69.5 69.0
Bench-scale 69.8 715 72.1 71.8 712
Solid (kg)

Lab-scale 0.25 0.28 0.31 0.33 0.34
Bench~scale 2.72 3.06 3.21 3.57 3.82
80 [ e e e

Olab-scale
W Bench-scale
60
g
2
Py
Q
e
€
C 20}
0

1st 2nd 3rd 4th 5th 6th
Extraction times

Fig. 3-5-2. Effects of serial extraction on MMP-1 inhibitory effect with

60C methanol at condition of every 60 min per a serial extraction.
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2) AFBAHEAY FUdA &5 FE9 FEAFAY FH

7}) % methanol F&E9 {789 &9

nEAe A WA GAZ FF 70% methanol FEFE Fo| TR UE
hexane#} ethylacetate 7}84 B&2& AAGRA F7180 288 HAA A
2 A3} Fig. 3-5-3o1AM 9 o] biR£9 YL methanolZ2 EHHS ¢
4 9929 hexane @ ehylacetate 23U FH8E AT EAL vn|ad.

t}) Methanol £ 8 &9 &4

YgAel et A7t =gAE resin®E Diaion HP-20, HP-21 ¥ &4 &S
A4-3ld batch typed column typedlA A7l BE8Ee gAMang HES 27
Diaion HP-21°] 7} 9435929 column type°] batchEth ¢F 8% ol €A
35 Yel it (Table 3-5-7, 8).

l

Q) [ e e e
BlLab-scale
EBench-scale

80 r

60

40 +

Inhibitory activity (%)

20 ¢

M-H M-E

Fig. 3-5-3. MMP-1 inhibitory activities of organic solvent fractions

from methanol extract.

M-H : Hexane soluble fraction
M-E : Ethylacetate soluble fraction
M-M : Methanol soluble fraction

- 131 -



Table 3-5-7. Effects of resins on L-value of crude samples prepared

by the above extraction methods in batch type treatment

Diaion HP-20 Diaion HP-21 Active carbon

Eucommia

. 62.44 68.17 52.29
ulmoides

Concentration of crude samples : 1,000 mg/L

Table 3-5-8. Effects of resins on L-value of crude samples prepared

by the above extraction methods in open column type treatment

Diaion HP-20 Diaion HP-21 Active carbon

FEucommia

. 67.67 73.12 57.36
ulmoides

Concentration of crude samples : 1,000 mg/L

t}) Ultrafiltration
23E o349 column® Millipore masterflex® A28t ultrafiltrationS
AAFo AN A& RS B2 AAIZAL Adstaz vk 21 A EAF
1,000 MW-cut off o #ut& T3 oJdo] HA ALY 94% o] it
I APE EF OI%E YEIHOEZM old TAEY g F2 AEA EHEC
2 EE BEHASS ¢ F AR oo we} ultrafiltrationol] & FE
= A A €& ROZ AL H AN (Data AAISHA &)

2

R=1
T

[\

2}) Diaion HP-20 column chromatography

HEEAA Y HFIAZ Diain HP-20& ©]-€3t9 column chromatography &
AXNGozN AA} AL FAd ERstna stgTt B =9 Ao &4
YEE B2 HFFAZ columndl FYUen 2 AHE I stepwiseE 20%,
60%, 100%¢] methanolZ £%&3% Z 3 Fig. 3-5-43 Zo] 100% methaol &
ol 01 mg/ml9 assayAd F=oA < 90% W99 ¥ MMP-1 dAEA4 &
YEtIch 8 Z §EEEY 1IEFE A AT A uPEF F %
60%7} 60% methanol && &, 20% W27} 20% methanol &% & &, of
10%7}F 100% methanol &8 & EAFoZH, AAGHAH v HEZ o o)
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Fig. 3-5-4. MMP-1 inhibitory effects of methanol fractions eluted from
Diaion HP-20.
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* U AAE g9
Evcommia uimoides

Extract three times with methanol
at 80°C for 60 min

Evap orate at 40°C

Methanol extract powders

Reflux with hexane

| |

Supernatant Residue
'Dry
M-H Reflux with ethylacetate
Supernatant Reslidue
Dry Dry
M-E M-M

Decolorization with Diaion HP-21
Ultrafiltration with 1,000 M-cut off column

Open column chromatograp hy with Diaion HP-20

Fig. 3-5-5. Flow sheet for partial purification of MMP-1 inhibitory
component from Eucommia ulmoides.
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#. A F 2528 glucose uptake AT EA FU3 2 ¢ AA
1) 4§ &% glucose uptake ANBAHEAL FYF F&%x730 Y

A7 Z5E glucose uptake ANBAHAEZDS FHH FE221S HAH387] 9
3] 5 L& bench-scale®] %719 05 L& Lab-scale®] &F FZ7]1& AHE3H
70% methanolZ &=, A7, gl FE22H w2 A4S ¥ HEFS
24 bench scaled] 394 F&x1¢& #&ystux st

Table 3-5-99 el wle} o] Lab-scaled} bench-scale 25 60Co|A
£F F%99 glucose uptake Ao 71 Ehoed FF FE&EL 237

wet Z7tete ATE Bt FE22% 60ToA FE3A7E ARG S 243
Z 3} bench-scaled 40 ol Aol A Lab-scale2 60& ojAtolA A& =7l

EbA] ggtos it X7 B 3E bench-scale A7 488 29 (Fig.

3-5-6). FEXE9 FEANUNE 47 60T 60802 AN FE35E 3

AAHEA S &SHE A Fig. 3-5-7d M9t o] H3E FFo 71F w4oeH 2

3= 13)9) 70%, 33 & 40%, 43] o]FolE 20% °|3+E UEIHOZHN HFH F&

SE 289S 4 F AUY. o449 bench-scaled] F&FHUEL2 Lab-scaleol

H 3 & XolE Ho|A &g HAH FEXALE FELE 60T, FEAIT 60%
2

3 52 s

Table 3-5-9. Effects of extraction temperature on glucose uptake
inhibitory effect and extracted solid amount

40T 50T 60T 70T
Inhibitory effect (%)
Lab-scale 224 30.9 38.3 34.1
Bench-scale 22.7 32.1 40.2 37.3
Solid (kg)
Lab-scale 0.23 0.25 0.29 0.34
Bench-scale 2.9 29 3.2 | 3.6
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Fig. 3-5-6. Effects of methanol extraction time on glucose uptake
inhibitory effect at 60T.

40

OlLab-scale
WBench-scale

30

20

Glucose uptake inhibitory effect (%)

ist 2nd 3rd 4th 5th 6th

Extraction times
Fig. 3-5-7 Effects of serial methanol extraction on glucose uptake

inhibitory effect with 60T methanol under condition of every 60 min
per a serial extraction at 60T.

- 136 -



o

2) ABAEZDY THH ¢ 59 ¥ EFZAY 4
7}) ¥ methanol &9 f7] & ¥3

MF 70% methanol F&E Fo IR AT hexanet acetone 7HgA B
TEE AAToEN REAAY HAZE woln FAFE &oldtA 37l s
F71 8 E8& HAAsg. 2 23 Fig. 3-5-1000419F 2o diiie 844
#o] methanol®2 £ HE ¢ F AN 2™ hexane ¥ acetone =W FHE A
HEYEHDL vjv 3t
1}) Methanol ¥ 8 &9 &4

vl Aol A Aol 3 2L resing! Diaion HP-20, HP-21 #
g4 e-g ALE39] batch®t columnolAl methanol ¥ &9 BMaxE HEG
ZA 3} Diaion HP-21°] 7}% $938t91 2™ column type®] batchRTth F 10% ©|
4 L gaa%E YERY It (Table 3-5-10, 11).

)
N

3

Olab-scde |
@ Benchrscale| :

Glucose uptake inhibitory effect (%)

MA M-H

Fig. 3-5-10. Glucose uptake inhibitory activities of organic solvent
fractions from methanol extract.

M~-M : Methanol soluble fraction
M-A : Acetone soluble fraction

M-H : Hexane soluble fraction
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Table 3-5-10. Effects of resins on L-value of crude samples prepared

by the above extraction methods in batch type treatment

Diaion HP-20 Diaion HP-21 Active carbon

Punica granatum 59.27 65.45 49.63

Concentration of crude samples : 1,000 mg/L

Table 3-5-11. Effects of resins on L-value of crude samples prepared

by the above extraction methods in open column type treatment

Diaion HP-20 Diaion HP-21 Active carbon

Punica granatum 67.15 74.37 58.48

Concentration of crude samples : 1,000 mg/L

t}) Ultrafiltration
Millipore masterflex®} 233 o732 columns AH&3+S ultrafiltrationg

AAgozA Agdtn HE FE AT L ALt sfd. 1 2H 2
A% 1,000 MW-cut off a}#etg F3td ofdo] A AHa@ge 92% oY &
TR 1P E EF 89%E UetdozH ojd dAE 8 F2 AELA 2
dEo] F2 e AU E ¢ F AtHData AA A =),

2}) Diaion HP-20 column chromatography

REAAY HFAAZ 28X A4S vl e Diain HP-20& | &3}
o column chromatographyE AAIFo 2R AA gL FAd =Rzt
Atk 2ol H< Arle EHYR L B2 FYFA columnd FH&L ==
AHE F stepwiseE 50%, 80%, 100%9 methanol® €%3% ZH3} Fig. 3-5-11
9} 7o) 100% methaol €8 Eo] 0.1 mg/ml9 assaydl =4 <F 80% W
o & AHEAH S JehlAh ol REAA THE FEIHY Fig. 3-5-12
¥
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Fig. 3-5-11. Glucose uptake inhibitory effects of methanol fractions
eluted from Diaion HP-20.
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Punyeca granatum

Extract two tim es with m ethanol
at 60°C for 60 min

Evaporate at 40°C

Methanol extract powders

Reflux with hexane

Supernatant Residue
Dry
M-H Reflux with acetone
Supernatant Residue
Dry Dry
M-A M-M

Decolorization with Diaion HP-21

Uttrafiltration with 1,000 MW-cut off column

Open column chromatography with Diaion HP-20

Fig. 3-5-12. Flow sheet for partial purification of active component
from Punica granatum.
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Al 64 A -8 Fi AAEA EH e HAES

1. A8 2 4y
7t =3 aA A
T2, WF, 5%,
Ak A st F, ¢
9, &Y, 2% 58 AL

= E
188t 729 A Z D-sorbitol, jL_E"’*, °—',“J 4
on WHAZAN A, IUAUEEFSE, AHvA

o Ix
o
Lo
ot e
tlo M
M
g,
o
o
dy ofp
o
L
o
S
2
oo
s
opo
=
é
me
ﬁ
m

9 pHERAZ TS AT PaskAz HED Co BRAZ FHGL
HEES AR 1 9 A6l 42 A3 ARHE 2L AYREL TG

Foh F 42 WTe 100 mg o= & x4 s

& 30-50%, 17 F
£E10-20%, WEIIZE 1-3%, #@AE 1-2%, E:’Jﬂi 1% 55 FHAZ A&
stal, otE IBste AAFEE, AYETY AF FEFELS 9F HIEAG
(Table 4-12).
o F A AlA

FA, 0, £F, A 33 L 300 meo) FHAL £ 700 mg, K55
A¥35 mg, AMAR TAN 5 mge EFID spray dry ¥ F AH P
FeEs NPT ¥ AYsta HF gy oh

7t =3 aAA AFR

2, dE, FF, AR FE 29& ol&5te 100 W & WEAAAE A
At AFY F, 5, AL T nEste A Az widE HEUT A
g2 2 WA el Zo| Zvu|A R D-sorbitol, TEE, A4 AP F@ud, HE
T2 A& en wrAEA A9, SHIVEE B8 L-EFHUAUEES,
AulA 2 pHEHARZ FA4E AHgstdth gastA2 vlerl Co wRA=
SAFAIEF S HIts AT 2 Yol Av|e] &4 s ArRAE, WAEF S
S &% A FAEY TS 100 mge® ZA A Y (Table 3-6-1).

I
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Table 3-6-1. 71643 =33 AAe wid
a gk 1. v e 2.
€% 100 mL 48 100 mL

AFFE: HEAA A

T oX

U

A

A7 100 mg
g 8.8%

IE9 58%

214 0.05%
ZuRibolUEE 0.05%
T 0.08%

ot gAY E S 0.01%

19

A& 0.001%
Yagtelrl= 0.01%

3.
AEHY: HFANLE

w2 E 3%

W& (5%

T-AAr 0.05%

81g C 0.05%

HEF B6 A4t 0.01%
L-2FE9AYES 001%
UzeEaleln = 001%
A4 0.01%

hA FAHFEF 001%
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4. 42 fF& AF

A FE, FE, AR FEEY 100 mgS o)E39 dd AES AR

ov AFY &, 7 & mEste] AF3AH(Table 3-6-2). BaEA=R A
Hjolf-& 30-50%, 9|7 F&E 10-20%, WEt7IEE 1-3%, dAAE 1-2%, ERH
E 1% 55 AHESIEA T, 9e uEsld ARFEE AHESY 7E 2228
ol H7hs o
Table 3-6-2. 714 A4 A& AAQ W 9
i gk o 1. sl o 2,
“9: 1 Cap @491 Cap
AFFY: AARZNE(AAZA) AFHE AZR 2 (QAHRA)
A5 A5
- Extract 427 100 mg - 2444 100 mg
. 2o u) o8 30% aujolf 509
-1 3R 20% c P AEEE 10%
T 2EE 3% - HE} 72" 3%
‘D-a-EFZAE 1% - dAE 2%
- W e Y 3% - HET C 1%
-AAE 1% - RAZFEE AYE g
AR, AFFEE 7]EL




o, #H A A=

R, AFE B AFo 28 300 mgol W o(Table 7-12)9F 2] 3
AZ 2 700 mg, 54 AR 35g, A AR TAA S5mgs EFEA A et
ReH FEEE AYF FY AF EFIHG

Table 3-6-3. 7154 FHAAA L vl gl

@49 125 g) 9l 1¥(5g)
AEFE AR E(FGHAAD AEFE: AFBZAET(FHEAAD
A A
B4 300 mg BgaA 50 mg
S5y AB(FEA) 35 ¢ Py HB(FEEA) 35 ¢
CHRHEEA) 065 g S (28 A) 065 ¢g
cd(HulA) 05 ¢ ok (A 05 g
< FAAAHAD C 5 mg A4 (A A) © 5 mg
BAAAAGT ¢ A0 AAAHHE 9 HFHUH
19 338, 13 1-2 A4 19 33, 138 1-2 344
AH EE AFo 43 A EE A Fe HF
-gg9 weg FH4 tE oo ug FH 7HE
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ol

AE A 2 F# AN A8RA) &35
£ 6HY FEAEIIE 2do|BR oo FahE FTAY(
of AEY v MR GAE AT

=
o 4

Table 3-6-4. A%< v AEHA
=3 aAAe AFzA: 37C, 144

rd

A iy AFd FAYXE g
T2 1x10° oJ3F  1x10° o]3F EBEAZE BhZE
3 1x10° ols}  1x10° o3 EASE 242
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1. Y-maze test
A, B, C9 3709 armeo] YAIZ A Ho]A Y-mazed o] &3l & A HE&
L o2 3t miceE armol ¥ & mouse’t E97F arme 7] &3
55 s AN FReE Wyl
- European Neuroscience Associacion. 1999:11: 83-90.
- British Journal of Pharmacology. 2001:133: 89-96.
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- European 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.
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3. Choline acetyltransferase activator assay
MC-IXC celldl A €€ crude enzyme® ['*C] acetyl CoAE o] &34
choline acetyltransferase?] A& =33t}
- Biochemical Journal. 2000;349: 141-151.
- Journal of Neurochemistry. 1985:45: 611-620.
- Brain resarch. 1996:30: 99-109.
4. Acetylcholinesterase inhibitor assay
PC-12 celldl A €& crude enzyme¥} acetylthiocholineg ©] & 3}
acetylcholinesterase2] 3 &4& FAH 3ot
~ Biochemical Pharmachology. 1961:7: 88-95.
- Journal of Immunological Methods. 1983:65: 55-63.
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5. UVBel 93 MMP-144 9 &4
HS68 human foreskin fibroblast cell lined]l UVBE ZAlate] A5 AL 33sto
ELISA¥M & o] &3t MMP-19 4A4& =33}
-Journal of Biological Chemistry., 273: 32176-32181 (1998)
6. Glucose uptake A3 &4 =4
Caco-2cell®} 2-NBDGE ©| 43}l glucose transportE cell Bj x| 3ol &
A3t o BBMV(Brush-border membrane vesicles)& ©] €3} glucose
uptakeE A& A A3 celle] HBA 712 spectrophotofluorometerE o] &3}
e Ala=
* Glucose uptake system
- American Journal of Physiology., 262: C795-800 (1992)
- Journal of Nutrition., 124: 580-587 (1994)
* Transport assay system
- Journal of Pharmachological Science., 90: 1593-1598 (2001)
- Biopharmacutics & Drug Disposition., 22: 23-29 (2001)
- Pharmachological Research., 18 1420-1425 (2001)
* BBMV
- In vivo. 15: 81-86 (2001)
*  ELISA assay system
- British Journal of Dermatology., 144: 229-237 (2001)
- Biological Chemistry., 381: 509-516 (2000)
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Activation Effect of Zizyphus jujuba Extract on Choline Acetyitransferase
from MC-IXC Cell

Young-June Park', Ho-Jin Heo', Young-Min Suh', Hong -Yon Cho', Bum-Shik Hnng’,

Hye-Kyung Kim“'. Donyg - Hoon Shin'

'Graduate school of Biotechnology, Korea University, Seoul

2 . b - .
“Department of Food and Biotechnology, Hanseo University, Scosan

We  screened 60 Korean traditional tea plants and 30 phaste plants to
determine the activation effect of Choline Acetyltransferase (ChA'L), which was
related to the weatment of Alzheimers Disease (AD). The methanol extracts
from Zizyphus jujuba among tested 60 samples, showed the most stable
activation effect on ChAT (n wvitro. The methanolic extract was separated
n-hexane, chloroform, ethyl acetate in order. The chloroform fractions were
high in activation effect of ChAT, were repeatedly subjected to open column
chromatography on silica gel. From the highest activation effect fraction on
ChAT, the single compound was obtained by the WIHATMAN 0.2 nm syringe
filter. This compound was purified by HPLC (i-bendapeck G reverse phase
column: 7.8x300 mm) and identified by '1I/”C Neuclear magnetic resonance
spectroscopy (NMR), Electron Impact mass spectroscopy (IH1-MS).
Acknowledgments: This study was supported by the BKZ21 Program, Ministry
of Education, ROK.
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Inhibitory effect of Citrus junos methanolic extracts on Acetylcholinesterase

Jeong-Min Lee', Ho-Jin Heo', Hong-Yon Cha', Bumshik Hong', Hye-Kyung Kim’,
Dong-Hoon Shin'

!Graduate school of Biotechnolgy, Korea University, Seoul,

ZDepar[ment of Food and Biotechnolgy, Hanseo University, Seosan

This study were performed to identify safer and more effective
acetylcholinesterase inhibitors for treating Alzheimer’s discase (AD) than that
presently exist. We extracted Citrus junos with methanol. The methanolic
extracts from Citrus junos presented the highest inhibitory effect (43%) on
acetylcholinesterase in vitro. The acetylcholinesterase assay was performed
basically using the colorimetric method using 96-well microplate reader. The
methanolic  extract was more seperated with hexane, chloroform, and
ethylacetate of water, in order. The ethvlacetate solubles were high inhibitory
effect of acctylcholinesterase (55%). Those were subjected to open silica gel
column chromatography on twice times. In the process of isolation, each
subfraction was presented acetylcholinesterase inhibitory activity. From the first
silica gel column chromatography, each subfraction was high inhibitory effect
(53, 57%) against acetylcholinesterase which chloroform to methanol ratios
were (80 : 20), (70 : 30). On the second silica gel column chromatography
further seperated with chloroform and methanol, it showed (48%) inhibitory
activity against acetylcholinesterase which chloroform to methano! ratio was
(80 : 20). This compound was purified by thin layer chromatography (TLC)
and high performance liquid chromatography (HPLC). To more purified

compound, we are sampling.

Acknowledgments This study was supported by the BK2l Program, Ministry
of Education, ROK.
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Enhancement of Choline Acetyltransferase Activity and
Learning and Memory Deficit by Zizyphus Jujuba Methanol
Extracts

H.J. Heo, S.J. Choi, Y.M. Suh, J M Lee, MJ Kim, HY Cho, B.S
Hong, HK_ Kim', D.H. $hin

Graduale School of Biotechnology, Korea Univ, Seoul, Korea; 'Depl
of Food and Biolechnology, Hanseo Unv, Secsan, Korea

We screened 60 Korean waditional tea plants and 30 pasie plants 1o determine
the activation effect of choline acetyltransferase (ChAT), which was refated
1o the treatment of Alzheimer's disease. The methanol exiracts from Zizyphus
jujuba among tested 90 samples, showed the most stable activation effect an
ChAT in vitro (62.1%). In acute toxicity study on Zizyphus jujuba methanol
extracts, all mice survived to the end of the study. There were no mortalities
in mice in controls or at any treatment level. Also here were no statistically
sipnificant differences in mean level of mice gliamate oxaloacetale
transaminase (GOT) and glwtamate pyruvate trunsanunase (GPT). Scopola-
mine is a muscarinic cholinergic receptor blocker. In this study, we examined
weather Zizyphus jujuba methanol extracis ameliorate leaming and memory
deficits caused by intraperitoneally injection of scopolamine. Injection of
control mice with scopolamine impaired performance on the passive
avoidance test (31% decrease in step-through latency), Y-maze test (16%
decrease in alteration behavior). In contrast, mice treated with Zizyphus jujuba
methanol extracts prior to scopolamine administration were protected from
these changes (12-25% decreases jn step-trough Tatency; 1-10% decreases
in alieration behavior). These results demonstrate that oral adminisiration of
Ziryphus jujuba methanol extracts induce resistance 1o scopolamine toxicity
in the brain, and suggest that Zizyphus jupuba methanol exiracis may be a
useful chemopreventive material against Alzheimer™s disease

Key Words: Alzhieimer's disease, Zizyphus jujuba, Cholineacetyliransferase,
Behavioral test, Learning and memory
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Inhibitory Effect of Citrus Junos Methanolic Extracts on
Acetylcholinesterase and Prevention on Learning and Memory Deficits
in Mice.

Jeong-Min Lee®, Ho-Jin Heo, Mi-Jeong Kim, Yung-Min Sco, Su-Jjung Choi,
Hong-Yon Choi,-BumShik Hong, Hey-Kyung Kim', Dong -1loon Shin
Graduate school of Biotechnology, Korea University, 136-701 Seoul,
i1')(:p:u“trncnt of Food and Biotechnology, Hanseo University, 356-820 Scosan

In this study, we performed safer and more effective acetylcholinesterase inhibitors for treatmg
Alzheimer’s disease(AD) than those of presently exist. The methanolic extracts fromCitrus junos
presented the highest inhibitory effects on acetylcholinesterase in vitro. We investigated the
effect of Citrus junos the scopolamine-induced impairment of spontancous alternation behavior in
the Y-maze, an index of short-term memory and passive avordance task in nuce. Spocofamine
injected mice were lowered leamning and memory ability. In contrast.scopolamine-injected mice
treated with Citrius junos methanol extract were protected from these changes. These results

. suggest that treatment with the methanolic extract of Citrus Junos may prevent learning and
memory deficits caused by scopolamine
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Sodium—-dependent D-Glucose Uptake in Brush Border Membrane Vesicles isolated
from Mice Intestine

Soon-Sun Back”, Ji-Sun Kim, Hye-Kyvung Kam', Dong Hoon Shin, Bum-Shik Hong and

Hong-Yon Cho

Graduate School of Biotechnology, Korea University
'Deparumnent of Food and Biotechnology, Hanseo University

Dietary sugars, glucose and guluciose, are absorbed from the lumen of the intestine across the
brush border membrane into the enterocvtes mainly by the sodium-dependent glucose transporter,
SGLTI. SGLTH has been known to be the most abundunt glucose transporter in the small
intestine. Inhibition of intestinal glucose uptake 1s mportant in reducing the blood glucose level for
disbetic patient. Inhibiton of glucose uptake were performed with mice intestinal brush border
membrane vesicles (BIMVs) using a novel fluarescent dernvative of glucose, 2- NBDG o BBAMVs
comprise  spherical . membrane  vesicles  on which SGLTL 1s expresaed,  the outer  swrface
representing the nlestinal lamen and the core of the vesicle representing the intestinal cell. The
advantage of using BRMV< 35 that SGLTI-mediated glucose tansport can be studied wathout any
interference  from  the cvtoplasmic glucose metabolism. In this study glucose uptake by mice
BBMVs wies mostly sodinm-dependent pathway (80%) with minimal sodium -independent pathway
(20%). Glucose uptake was increased hnearly with incubation tme upio 30 min and started w

decrease thereafter,
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isolation and Characterization of Intestinal Glucose Uptake Inhibitor
from Punica granatum

Soon-Sun Baek*, Hye-Kvung Kim', Dong-Hoon Shin. Bum-Shik Hong, Hong-Yon Che
Graduate School of Biotechnology, Korca University
'Departmem of Food and Biotechnology. Hanseo University

Dietary carboll*«ydraies are hydrolysed and absorbed in small intestine. Intestinal glucose uptake is
mainly performed by the sodium-dependent glucose wansporter. SGLTI. Inhibition of intestinal
glucose uptake is beneficial in reducing the blood glucose level for diabetcs and controlling weight
gain for obesity. By using human intestinal epithelial Caco-2 cell, mice intestinal BBMV and novel
fluorescent glucose analog (2-NBDG). we screened the inhibitory activities of intestinal glucose
uptake in six hundred extracts prepared by solvent extraction based on polarity from the two
hundred kinds of cdible plants, fruits and vegetables. The effects of food substances on SGLTI
expression werc evaluated by ELISA and Western blot analysis. We found an appreciable high
inhibitory effect in methanol exwact from Punica granawum. The present results suggest that Punica
granatum could play a role in controlling the dictary glucose absorption by down-regulation of
mtestinal transporters and possibly contribnte to decreasing blood glucose level.
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Inhibitory Effect of Seaweeds on Smali Intestine Glucose
Uptake/Transport in vitro & in vivo Assay System

Ji -Sun Kim', Hye Kyung Kim', Dong -Hoon Shin, Bum- Shik [ong and [ong Yon Cho
Graduated School of Biotechnology, Korea University,
]Departmont of Food and Biotecnology., Hanseo University

Recently, the ohesity population were rapidly increased according to westermization of
lifestyle, and increased adull disease. diabetes mellitus(DM) and hypertensive arteriopathy.
Inhibition of intestinal glucose uptake may be heneficial to reduce the blood glucose level
after meals for diabetic and control weight gain for obesity. In this study by using human
mtestinal epithehial Caco-2 cell and {luorescent glucose analog(2-NBDG), we established
the n vitro assay system and measured glucose uptake/transport inhibitory cffect.
Screening of intestinal glucose uptake and transport inhibitor from edible seawecd were
extracted by polarity solvent. We showed about 20% inhibitory effect in methanol extract
of Laminaria japoria from Ju-Mun-Jin, ndarachne binghamiae fromm Wan Do and Hizilia
fusiforme from Wan-Do. The inhibitory glucose transport effects of selected samples on
Caco~2 cell assay system was similar to those of BBMVs asaay system. Laminaria japonia
(2000mg,'kg) feeding group reduced the body weight and blood glucose level as a result of
in vive inhibitory effects of selected samples.

P11-68
Isolation and Characterization of Photoaging Inhibitor from
Fucommia ulmoides

Jin-Nvoung Ho', Tye ‘Kyung Kim', Dong-Hoon Shin, Bum Shik Hong and Hong- Yon Cho
Graduated School of Biotechnology, Korea University,
lﬂclmrtment of Food and Biotecnology, Hansco University

Chronie  ultraviolet{UGV)  light, especially  UVB  causes  cutaneous  changes  such as
sunbumn, skin aging, and skin cancer. Skin aging can be divided into intrinsic aging and
photoaging. UVB irradiation induces the synthesis of matrix metalloproteinases (MMP)
which degrade extraceltular matrix, that leads to photoaging subsequently. We
investigated cxpression of MMP-1 in human foreskin fibroblast 1IS-68 cell line using
ELISA assay system for isolation and characterization of photoaging inhibitor, and
screened the inhibitory activity of MMP-1 expression in twelve hundred  extracts
prepared by solvent extraction based on polarity from four hundred kinds of edible
plants. Finally we found an appreciable high inhibitory activity in ethyl acetate fraction
from Eucommia ulmoides. We isolated a compound, showing a single peak on HPLC.
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Anti-Pholoaging Fffect of Fucommia uimoides in Human Skin Fibroblastls

Jin-Nyoung He'. Hye-Kyvung Kim', Dong-loen Shin, Bum Shic Hong and Hong - Yor Cho.
Graduate School of Life Sciences and Biotechnology, Korea University,

'"Department of Food and Biotechnology, Hanseo Universily

The aging process of skin can be attributed t intrinsic aging and photoaging. Clinically, naturally aged
skin was smooth, pale, and finely wrinkled. In contrast, photoaged skin was coarsely wrinkled and
associated with dvspigmentation, and lelangiectasia. Photoaging is influenced by several factors, including
genetics, environmental  exposure (ultraviolet irradiation, mechanical stress), hormonal changes, and
metabolic processes (generation of reactive chemical compounds such as activated oxygen species). The
influcnce of the environment, especially solar UVB iradiations have been demonstrated to produce
reactive oxvgen species (ROS) and induce the synthesis of matrix metalloproteinases (MMP) which
degrade extracclular matrix We investigated expression of MMP-1 in human foreskin fibroblast HS-68
cell fine under UVB irradiation using enzyme-linked immunosorbent assay (ELISA) for selection and
characterization of photoaging inhibitor, and A isolated from Eucommia ulmoides. Cytlotoxic effect. was
not shown in HS-68 cell line when we treated with A isolated from Eucommia ulmodes according to
concentrauon. Furthermore cell viability according to varying degrees of UV exposure times were
increased in A compared with control values. Up until now, the most intensively studied dietary
antioxidants for prevention of skin photodamage have been vilamin C, vitamin E, and B-carotene.
Compared with vitamin C and vitamin E, A isolated from Eucommia ulmoides showed similar or higher
inhitvtory activity of MMP-1 expression.

P8-81

Isolation and Characlerization of Intestinal Glucose Uptake Inhibitor from Punica granatum
Soon-Sun Baek’, Hye-Kyung Kim', Dong-Hoon Shin, Bum-Shik Hong and Hong-Yon Cho.
Graduate School of Life Sciences and Biotechnology, Korea University,

'Department of Food and Biotechnology, Hanseo University

Dictary carbohydrates are hydrolyzed and absorbed in the small intestine. Intestinal glucose uptake is
mainly performed by the sodium-dependent glucose transporter, SGLTI1. Therefore, inhibition of intestinal
glucose uptake is beneficial in reducing the blood glucose level for diabetes and controlling weight gam
in obesity. By using human intestinal epithelial Caco-2 cell, mice intestinal BBMV and novel fluorescent
glucose analog. 2-NBDG, we screened the inhibitory activities of intestinal glucose uptake 1 six hundred
extracts prepared by solvent extraction based on polarity from the two hundred kinds of edible plants, In
this  studv, existence of SGLT1 in the Caco-? cell were detected by using  enzyme linked
immunoabsorbent assav (ELISA). Western blot analysis and immunocytochemistry, and regulation activity
of SGLTI protein was measured. In addition, inhibitory effects of extracts of Punica granatum,
Diospyros  kaki.  Raphanus  sativus  and  Eucommia  wlmoides  on  intestinal  glucose uptake of
sireptozotocin induced diabetic mice were measured. Particularly an appreciable high inhibitory cffect was
found in methanol extract of Punica granatum. 1'G-la isolated  from  methanol exuact of Punica
granatum was tentatively determined as a phthalic acid-diisononylester or hydroxyl alkyl ester with
malecular weight of 418 The present results suggest that Punica granatum could play o role i
controlling the dictary glucese absorption by inhibiting intestinal transporters as well as redncing hlood

glucose level
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Effects of Oleamide on Choline Acetyltransferase and Cognitive Activities

Ho-Jin Heo, Young-June Park, Young-Min Suii, Soo-Jung Chot, Mi-Jeong Kim,
Hong-Yon Cro, Yun-Jeong CHancg, Bumshik Hoxa, Hye-Kyung Kinm,
Eunki Kiv, Chang-Ju Kim, Byung-Gee Kin, and Dong-Hoon Stin
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Effects of Oleamide on Choline Acetyltransferase and Cognitive Activities

Ho-Jin Heo,! Young-June Parx,’ Young-Min Sun,' Soo-Jung Cuot,' Mi-Jeong Kim,'
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'Graduate School uf Brotechnology, Korea University Seoul 136-701, KNorea

Pepartment of Food and Biotechnology, Hanseo University Seosan 356-820, Korea

Pepartment of Biological Engineering, Inha Griversity Inchon 402-751, Korea

Department of Physiology, Kvung Hee University Seoul 130-701, Korea

‘School of Chemical Fngimeering, and Insntute for Molecular Biology and Genetics, Seoul National University,

Seoul 151-742, Koreu
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We sereened 50 Korean traditional natural plants to with AD than in age-matched control subjects in
measure the activation effect on choline acetyliran- {rontal cortex, temporal cortex, hippocampus. and
sferase and attenuation of scopolamine-induced amne- cerebellum.™ As the vogaitive dvsfunction and other
sia. The methanolic extructs from Zizyphus jujuba features of AD are mediated by loss of tunction at
among the tested 50 plants, showed the highest activato- cholinergic synapses in the neocortex and hippocam-
ry cffect (34.1%) on choline acetyltransferase in vitro, pus, agents replacing lost cholinergic function should
By sequential fractionation of Zizyphus jujuba, the be uscful in the management of this diseasc.”
active component was finally  identified as  ¢is-9- ChAT catalyzes the synthesis of acetvicholine
octadecenosmide (oleamide). After isolation, oleamide (AChY in cholinergic neurons. The enzyme i< a single-
showed a 05% activation effect. Administration of strand globular protein svnthesized in the perikarion
oleamide (0.32%) to mice significantly reversed the and transporied to the nerve terminals probably by
scopolamine-induced memory and /or cognitive impair- both slow and 1apid axoplasmic flow.™ ChAT 1
ment in the passive avoidance tesi and Y-muze test. present in a high abundance in the cytosol of
Injection of scopolamine to mice impaired performance cholinergic cell bodies. In nerve terminals. about
on the passive avoidance fest (31% decrease in step- RO-904 is present as a cytosolic protein, a portion of
through latency), and on the Y-maze test (16% decrease which may be ionically assaciated with synaptic
in alternation behavior). In contrast, mive treated with membrancs, whercas the remaining 10-20% of the
olcamide before scopolamine injection were profected total enzyme appears to be nonionically bound 1o the
from these changes (12-25% decrease in step-through plasma membrane.” ChAT is also localized in the cell
latency; 1- H0% decrease in alternation behavior), These nucleus, but the mechanisms governing the subceellu-
results suggest that oleamide should be a useful chemo- lar distribution of ChAT have not been idenufied,
preventive agent against Alzheimer’s disease. and the roles that different pools of the enzyme play

in regulation of neurotransmitter biosynthesis remain
Key words: choline accetvliransterase; Zizyphus juju- unclear. In spite of the key role of ChAT in neu-
bu; olcamide; Alzheimer's discase; cogni- rotranstiiission, the extremely fow amounts and
tive impairment instahility of the ensvme in the nervous tissues have
limited ity biochemical and stuctural analysis.®

Alzheimer's Disease (AD) is the most common One strategy for ameliorating symptoms of AD 1s
cause of progressive cognitive dysfunction that the restitution of near normal acetylcholine concen-
affecting approximately four million Americans, tration in the synaptic cleft to improve cholinergic
causing more than 100000 deaths each year with a neurotransimission. ChA'T activators increased syn-
total annual cost approaching $70 billion."” The thesis of ACh 10 boost the endogenous level of ACh
reduction of choline acetyltransterase (ChAT, EC in the brain and thereby o boost cholinergic
2.3.1.6) activity is related to the degree of dementia neurotransimission, resulting in the improvement of
and the severity of neuroparhological hallmarks of cognitive function in mild to moderate AD. In order
AD. ChAT activity was significantly lower in paticnts 1o find a natural active constituent that has a potent

' 'To whom vorrespondence should he addiessed Fax: +82.2:3290-3429; L-minl dinhintrhore ac.ht
Abbreviations: AD, Alsheuner's discase; CHAT, chahneaceivhiransferase: Achi, acetyleholiner CNS. centzal nervous system
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Naringenin from Citrus junos has inhibitory effect
on acetylcholinesterase and mitigating effect on

amnesia

Dementia and Geriatric Cognitive Disorders (7] < &)

- 181 -



N
Y
i

- 182 -



\g"lq""lE"lqa"IEA
] 2 1 =

F135-91n Al 2yt 944

H &

Wop69-17 of e o wd/ I 4 S ODN5 1717 2 02555+ 1784

WA e el 2003-05166

g 4
Aldiol 2k 2003, 05. 06(3}) .
o |2 R 2
¥
oA (EhaHFgad o
2t 4
=) 2 nay 4w T
NEE wrd Al 3 e
‘ULLE:,Z+ o
2 o oEdR®ie A
G2l el 87 29 2dg fESAVI a1 WHE ot o] A=Y
He- PR
o i
7 g 5 d i
F 4 <eEdd nHFYEe - o
9 9 220039 04€ 30
% 9 W 34 2003-27670 &
o 2 FAERE YIAYS AAsE g 2 1 8%
A TR
~<r>_)\-1_.?' = 75:} R
FVEANE T

OF L BUMRF AR R SAREEAA 7 1R

120046 04Y 309
12004 04¢ 309

E A2 AL - & sabAL

- 183 -



oo

BHUUR

—
Es)

<+

A

p3il

o]
of

i

o

wir

- 184 -



ARG AR

000000000

AT

0000101000
5T 5 9 (& A2
}_\_:
Al
[san)
A
2

[HZ2X] 2003.04.30
[2go ZEHE] SN2 URHUHES 26 ¢ 2 1 85
(2o F2HA] A method for purifying naringenine from citron and the

use thereof

(] SWYQ NASYSH

[EROIDE] 2-1995-276862-2
[Theigl]

(8] OIE=E

(CHelel2 =] 9-1998-000461-7

[XZAUSEPS] 1999-057661-5

[ = e I N

- 185 -



1o
1)
THr
Ui

ol

KF

138-786

5 ]

[==] KA

g0

-

ol

2
10
oo

IH
]3|
i

a1
50
70

211 HONG.Bum Shik

o
Bl
r
Ulo
ol

Kk

110-530

]

1o}
3
[V

ot

1]

[5o 22TI|] HEO,Ho Jin

(=] KR

(2 X

139-243

]

ot
Bl
g

Dt

(=] KR

50
ol

u]
[uks

&
=3

4

0i

o 2FHJI]

Ol ARHEI|] LEE,Jeong Min

)

=
o

{
[

0
£y
wr
bio
ol

K+

"T‘A

(2]

Z0E

°f m8HJ|)

30

EO!} KIM,Mi Jeong

It

- 186 -



20
oK
i
o)
a1
=
%0
e
a1 o oM o) ol
K4 o o o o
Q [en) <
© S S
= o)) ™
50 o =
o
ulr
o
o o m_ 8 8 & W
(e} = 10
3 2 o7
5 © . mm O [en) [8Y
R 2 R 2 =
+ 5 v = xﬁ
w5 RS
< R 8 3T .
«w© —~ - [o o} —~ N~ .
& R & R A& & o
0o HoE g = HoH g S = @ w
VY 0l OH - = = e
oo 3 LI I W 8 w9 = W o B OF K
W B - 3T 5T W B m ﬂﬂ:_oa))l__“_:g___m WO A RO
ol B 4 R o~ B B o B 4 R - B B & A 4RI - M 3 =™ =
Kk OF Kb T K T 20 K- OF K- M 7= Z0 %0 K- OF KF 1 &0 MoA A O A
] J 2E g

k=3

202.000

- 187 -

A

=]

=3

(



E
iof

nd

o

101,000

<
<+
o
5

Al
e

LIOSHKY M2Z0 s

EEVES

- 188 -



2944

FAE vgeR F&3 H 2AFHeL, dEg FE2E B2 oY ob4
HolEE Jtste] B5 % od opMEolEZ R §uf £83li, o olAHoIES
of tiste] M/AETIE FRE2XEY WELE st oF destd FY A=viED

Ay 2 TLCE AAFoZN otNEE A 2 etobA|(AChE) Aaj&F &2 YA

e =58 + U
olgigh Whog Azd AHEAAY ZZdExolzl UAALL, ACKE HHE
A 2 719, 2532 2348 AT Yo =X Aol @2y 2¥sE A 7

oy ZEFAY MHAZA 754 AFol FB & AHEE S Y.
(HEx)

%1
[41210]]

A, 2, Aol

- 189 -



Y g

T135-915 A &

|
w

G At 669-17 dfelm ey of

~ 5

o H
H

FARS
Clt

A

3E A 802555 17177

W2 (021555- 1784

TS

o 2003-05165

4 %)
Al =L 2003, 05. 06(3H) 4 M
R 4
A @hzazYse e
. 4
o e Ay B
NEE wgy e =} z
w2k 2
A 2 Zddswae A
Faol 9Rstal ] Ay 2YS GBI 2 LG ool Zo] Y=Y
U,
A g8 3
Z 9 9l stuyel mFderd
9 A = 2003d 30
Z 9 W3 A 2003-27668 &
& 4 E2RE gdclelsg FAsE Y 2 1 8=
/E} A} 5‘3 T A
48 Ty
271 EANY ©

2
0

B
il

S E

EEET R

2004 0449 30¥
120049 044 309

Pl EYAF ARE

- 190 -



BRUR A
AR

=y

- 191 -



AR

A

MR

0000

W

0000107000
ar 85 & o AL 2
/_:11
&
At
gt
(Hei2g] =46
(=&X] SHHEE
[BXES] 0001
[HZELX] 2003.04.30
(2o 22Ha] WE28H SAU00EE FMos gy ¢ 1 8%

(o] HRHA) A method for purifying oleamide from jujube and the

use thereof

[2&01]
[HE] stWPol DNsasa
[ERo3E] 2-1995-276862-2

[cizien
(4] olgs
[alel2E] 9-1998-000461-7
[ZZAASEHS] 1999-057661-5
(2E)
[4%2 22HI] ¢sE
(82 HRHI|] SHIN.Dong Hoon
HS] 135-861
1
1 KR

{

WP o0
» B g

[

[z

02
>

]

o O - = v 2




1o
Il
T
ulo
ol

K-

138-786

]

ol
Y

OF

St

AH

e

(=] KR

xr
0
o

™
1
i d]
fr

of
50
0

HONG, Bum Shik

ol 241

fe)

At

[

ol
Bl
r
ulo
ol

KE

110-530

[8F2 SEEI] HEO.Ho Jin

[==] KR
B X

b

ol
b3
r
0io

ol

KK

139-243

)|

o}
3J

(S}

(=3] KR

80
ol

[8Y2 AESHEI|] PARK,Young Jun

(8% 2E2HI]

1o
Bl
Mr
uio
oJ

K-

KIM.Mi Jeong
- 193 -

ZI01E

211

o REHIN

Xt

[2=] KR



0.
of wr
= ar
0 >
S
a1
K4
3
=
£
B
ur
]
..s
2 2 "
3 =] i6J
= < o
>3 @ —
R 9 ) M
+ S B = h
"5 IR
> ] 8 T .
P = = P = = n- K{ O
N [ o [ © N
- o oo T N Mo s 8 3 -
o ok oy o gy oH ot =W
5 B FI - : + -
™ < 8o < m 30 € % @ . 3
Moo Mo ol M ol z W%
[ 5T oT W0 B s o ﬂﬂ:_cﬁlll“_:___s_w
) B 4 R - B0 B0 o) W 4 R - B OB 5 A& d OROrF
KF OF K M R X0 X0 K- O K- MH < X0 X0 K OF K M R

2

=

2

<
2
L=]
—
Rl
b

29.000
173.000
202,000

- 194 -

16

A

=

Diggaal
=1

[DraEag]
[BANERE]

(

(=48]



El
of
Ok

al

A0

e

101,000

<k
<F

ok
¥

s

ni

- 195 -



(298]

3t B3 Z2R¥EZoz fu) 2Hsn, FEIZIEES ddly ANERE
ERRIEN AL st 13, 2% o F dsd BY I:vlEINS 9 TLC

g dAgezd HTHoR ZUMEEN T T oA (ChAT) B EEQ Edon]

olglgt Yo Axd AEAYE AFEHA Ldotvi=E, ChaT B43s o

219, T3 AFE A do] x=AU4 o) FA n@stE Qg Jgd 7

5 @3 MAARA 715d AFolvd FEe F83HA AHEE ¢ AT

[Alof]

Sdotv| =, g, A, TPotMEE WL etotA

- 196 -



A EELERE FREN

D135 915 Mg 4w AbE 669-17 o ¥l Ny o B A 025551717 M 2 (02)555- 1784
AN NN IS EE NN NN EA N
EANE o 2003-05181

a 4}
kal A
Algdel =t 2003, 05. 09()
o = !
7&
. - i Al 2
24 wtayd agsesy | |10 A
Tl s
Z oz nedd HE4YISS | A9 7
ABE @y
oD T u ezt "
A o oEddnrnne @

Fael oFetd 7] He 24& FRIYVA 2 WG E ot Fo] Lei=y

v}, N
2 o5 4 .
F 4 9 gEyd 2P S
= 9 9 A 20039 059 069
% ¢ W 3 A 2003-28523 %
3 4 FEoEyE Felw AWM MMP-1 E4eiAA)

S 4718 0 2004 059 06%
A& UIE 0 20043 05¥ 064

¥ O L E9MF ARE E EAWUSEAN 41 B

NEAL A - FUA o=

- 197 -



ol
ot

o
W

-2

£

R T R e AT
o FRRs TRy

‘

15

ir

- 198 -



ARG G SRS AR

980004617 1()U

LN

> ==

s====

0006085000
ELE = | o AP 2
D ———— e P }\! s T
Al
A} 8
C OP Y et

(MEd] SHEAM

(221221 =4

[=4H] S3EF

{EE25] 0001

(MEL A 2003.05.06

(230 2RYE) SEOIFH 2 JMHNE MMP-1 EdMA & 1

FHgE

™
02
1o
0@
1
0"
o

Isolation of MMP-1 secretion inhibitor from Eucommia

ulmoides and its purification method

ELED)
(28] =D DHSYss
(22QDE) 2-1995-276862-2
[cheiel
CEIIEE
(CH2IQBE] 9-1998-000461-7
[Z2PYS|HSE] 1999-057661-5
(29X

e

(E=P)
(439 2LEI] =AY

- 199 -



ool A2 HEJ|] HONG,Bum Shik

A
(=)

(

ol

110-530

<
K-

KR

=

(=)

(ZE ]

&l
o
K4

o
0H
r

o
80
0

CHO .Hong Youn

ol FEHII]

Ad
<

(

ol
%)

Uio
ol

KF

138-786

[=2]

[(2&] KR

(2SI

2ol

Q2 REHII

80

KIM.Hye Kyung

ol
%)

o
ol

K-

356-706

1

._o_
bl
Al

(2H] KR

&0
ol

HO.Jin Neyong

104
k3]
T
ulo
al

Kr

142-072

]

10}
53]

#

Ok

(2]

E8Y HMe0Xe A0 2

&Y,

st

E6g M42xa REM 2

[HX]

- 200 -



ol

(g8}

u
<+
<

pe!

29.000

[8,

16

[N2sdg]

f=4
&

0
0
141,000
170,000

ai

or
o

<

el

K0
K-
|
xl

OF

&

_.oo

<
H

&l

[

pal

85.000

ok
3l
A0

nEY M2z

=
=

1

U

iy
®0

- 201 -



[2.0FA1]

218

-
rz

o

3 o

4
1 ogx

o

5 5 Eelslol W5 westel wldeh dhelo] gli= Mwp-l
(matrix metaloproteinase-1)9] $HAA A A ¥ 2 rgiupde] sk R o5 olg s
MMP-1 gt A AIQ) ob R e AU 58 ALolM des g FEste o a4}

T 8 HuY 29 aEvEafy, P S dde] gaRys Falsto mag

dojzion), AFMIE(HSES)E o) &5 ELISA @

N
i

NE e e @AY w3
g vehigia, ol® s A% wSEAS J5ANE, 5N gFen) e

FE3HA AR S A ARt AA slE Aol

[thEE]

(41210l

e, A5 58 MMP-1, FAAAA, obeul . 2] A) F(ISES)

- 202 -



AR ELERE FRER

$135-915 M g by 66017 AR MEUY S AR BIHO0555- 1717/ B 020505178
BN NN EEEEN
WwAME el 2003-05185

'(j 1]
> - Pl Al
Al b 2003, 05. 09(<) _
g |2 A
Al bmwo = ol o A7
G4 waMe nAzgRy | "
Tl s
# # ndd JEAR T ] 2l 5
Al s gl
e T o~ "
| 2 zoeigwme A
whAad oAl &7 Ao 298 fzstgrld 2 WA S ofgfel o) iy

4 g &g
F @ 9l stuyd naFYud

9 9 #:2003d 05Y 069

Z ¢ 8 3 oA 2003-28664 3

K 4 2 EEGESANS 4RFEE 2 2 gAY
4 AT

AW PR

e Ok
SV AR 20019 059 06

AefEUd v @ 2004 05€ 069

HOF L FAAH AR YL 2ARSEHA Y

el
-
~

HEW A} - Fotubap

- 203 -



OO Ob.

3
1
v
'
'
'
'
0
|
'
'
'
t
¢
'
'
¢
'
1
'
|
'
'
]
v
‘
'
|
'
'
(
|
i
t

ot
»
13

i

Ay

cl
of

L

e}

wir

- 204 -



ARG

7?“"“
(NBZY] SsEVA
(2232l =8

[$4H] SHEEZ
[MELX] 2003.05.06

g IRUA) AU ZE&YESNWUE AEFESE & 1 ZHYE

==

HERID
i

0000101000

E
Eo

I
i

O
O

(MG RUCRMIEVEAIY

M > 0> 209

[t} Ci
==

[l 42HA]) Intestinal glucose absorption inhibitor isolated from

Punica granatum and its purification method

[ER0]
23] Sge DHSYER
[ER00E] 2-1985-276862-2
[teiel]

(4] OIEE

[Ciciet2E]  9-1998-000461-7

[Z2AVSEHS] 1999-057661-5
(2]

[9g9 RRHI] LsE

(892 ¥EREII] SHIN,Dong Hoon

l_°_1\_.

(fEYS] 135-861

[F2]

[2X] KR
(LA
[ =22TI1] 844
Ao YEHII] HONG,Bum Shik

[~
EEls

e}

S0

on Lo

[

S

- 205 -



(%24

[2X] KR

Tt}

80
ol

&l
o
KA

2
ti7]
fi

ol
&0
0

57!} CHO,Hong Youn

30

10l
Bl
M
Ul

Kk

138-786

[2H] KR

8o
ol

R0

al

(829 ¥=2HI|] KIM,Hye Kyung

n0

(42 S2HI1]

ol
5

ulo
oJ

K-

[==] KR

(§=2DN) |

[§22 H2EI|] PAEK,Soon Sun

lof
5l
r
U

=

KF

425-181

[F4]

(=H] KR

E5/g H60Z2 FEU &

e

&t

£5i¢ H42xe REul 2

[#X]

8]
=)

g 378
CENY

- 206 -



m—

o
40

—

0z

=

0%

p—

o
x

—

oy
e

0y
2
40k
4

SR

x

Ju

S

.

—

0

g

—

o
El

o

o
k)
S0

1%

16

H2x02l

B st

piy

Y g2 12

oot

- 207 -

of
a

29,000 €

0 =
0 o

173,000 &
202,000 &

101.000 &

g ZYol=s MRE_1S



FAMA L 2 Al B9 A0 ol LEIFFAAAET Ui dee

FEES Y SRRIE. JHOAHCIE ¢or R ¥ 454 AYitd 3

YW 3gvtEads], s ggviEadgy W OHPLC § 499 AL A HAHS

S

lo

W FEE, BACAY 23, FAE 5L L=W FFE AdEA sju o7 <

i

2% 2o vt Aagoss v @ F oy Vi Eoly gEel

GatAl Ar8E £ AA sHe Aol

[HEE]
X1

[4<lo]]
4. &%, IEFEFANA, AFFER

- 208 -



	식.약용 생물자원 함유 고령화 질환 예방 및 치료용 미량소재의 실용화

	요약문

	목차

	제 1 장 연구 개발과제의 개요

	제 1 절 연구 개발과제의 목적과 범위

	제 2 절 연구개발의 필요성 

	제 2장 국내 • 외 기술개발의 현황

	제 3장 연구 개발 및 결과
	제 1 절 뇌기능 신경 전달물질 분해 효소 저해 미량소재의 실용화
	1. 서 설
	2. 재 료 및 방법
	3. 결 과
	가. 식 · 약용 식물소재로 부터의 acetylcholinesterease 저해활성 검색
	나. 선정된 acetylcholinesterase 저해 물질의 m VIVO 상의 독성실험
	다. 선정된 acstylcholinesterase 저해 물질의 in vivo상의 인지력 실험
	라. 선정된 acstylcholinesterase 저해물질의 정제



	제 2 절 뇌기능 신경전달 물질 합성효소 활성화 미량소재의 실용화

	1. 서 설
	2. 재료 및 실험 방법
	3. 결 과
	가. 식 · 약용 생물자원으로부터의 choline acetyltransferase 활성 검색
	나. 선정된 choline acetlytransferase 활성 물질의 in VIVO 상의 독성실험
	다. 선정된 choline acetyltransferase 활성 물질의 in vivo상의 인지력 실험
 
	라. 선정된 choline acetyltransferase 활성 물질의 정제



	제 3절 외인성 피부노화 제어 미량 소재의 실용화
	1. 서 설
	2. 재 료 및 방법
	3. 결 과
	가. 식 · 약용 식물로부터 MMP-1 억제활성물질의 검색
	나. 두충 함유 MMP-1 억제 활성 물질의 정 제 및 구조 동정

	다. 두충으로부터 분리된 acubindml 생리 학적 특성


	제 4절 비만，당뇨 예방용 glucose uptake 조절 미량 소재의 실용화

	1. 서 설
	2. 재 료 및 방법
	3. 결 과
	가. 식 · 약용 식물로부터의 glucose uptake 저해활성물질의 검색
	나. 석류함유 glucose uptake 저해 활성물질의 정제
	다. 정제 물질 PG-1 의 구조 해석
	라. 석류로부터 분리 된 PG-1a 의 glucose uptake 저해 활성



	제 5절 식 · 약용 생물 자원 함유 미량 소재의 실용화
	1. 서 설
	2. 선정 시료들로부터 생리 활성 물질 추출 조건의 최적화 및 공업적 수준의 정 제 방법 확립

	제 6절 식 · 약용 함유 생리활성 물질의 기능성 식품화
	1. 재료 및 방법
	2. 결 과
	가. 드링크제 제작 
	나. 연질캡슐 제작

	다. 과립제 제작
  
	라. 제품의 외관 및 안정성 검사




	제 4장 목표달성도 및 관련분야 기여도

	제 1 절 연구개발 목표 및 달성도

	제 2 절 관련분야에 의 기여도


	제 5 장 연구개발 결과 활용계획

	제 6 장 연구개발 과정에서 수집한 해외 과학 기술 정보
	제 7장 참고 문헌
	부록

