Development of functional food and evaluation of bioactive activity of
Ulmus deviadiana var, japonica
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SUMMARY

I. Title
Development of functional food and evaluation of bioactive activity from Ulmus

deviadiana var, japonica

II. Objective and Significance

Vascular disease and cancer have been increased in modern society with
increasing of the elderly people. It has been focused on daily food intake and
healthy functional food for the prevention of a degenerative disease. Ulmus
davidiana var. japonica Nakai 1s a deciduous tree which is widely distributed
in Korea. The barks of the stem and the root of this plant have been used in
oriental traditional medicine for the treatment of edema, mastitis, gastric
cancer and inflammation. Objectives of this study were to evaluate bioactive
activity of Ulmus davidiana var, japonica in vitro and in vivo, and to

establish indicator compound for the development of healthy function food.

Ill. Scope of Research
1. Evaluation of bioactive activity of Ulmus davidiana var, japonica
in vitro
2. Effect of Ulmus davidiana var, japonica on lipid metabolism and
the prevention of memory deficit (in vivo)
3. Chemopreventive effect of Ulmus davidiana var, japonica on colon cancer
and lung cancer
4. Establishment of indicator compound from Ulmus davidiana var, japonica
5. Development of functional food materials and functional food using extract

of Ulmus davidiana var, japonica



IV. Results and Recommendation
1. Evaluation of bioactive activity of Ulmus davidiana var, japonica

in vitro

Antioxidative and protective effects of Ulmus davidiana var, japonica
against oxidative damages induced by glutamate in PC 12 cells were
investigated. Inhibitory activity against FeSO4s-H:O2-induced oxidative stress
and DPPH radical-scavenging activity were detected in ethyl acetate and
butanol fractions of ethanol extracts from stems and roots. Ethyl acetate and
butanol fractions of ethanol extracts from roots significantly inhibited

glutamate-induced cytotoxicity and reactive oxygen species in PC 12 cells.

2. Effect of Ulmus davidiana var, japonica on lipid metabolism and prevention
of memory deficit (in vivo)

To determine the effects of soluble dietary fiber isolated from Ulmus
davidiana var, japonica (U-SF) on lipid metabolism in cholesterol-fed rats.
Forty male Sprague-Dawley rats were assigned to 4 groups; normal diet
group, HCC-1% cholesterol fed group, HCLF-2.5% U-SF with 1% cholesterol
fed group and HCHF-5% U-SF with 1% cholesterol fed group and fed each
experimental diet for 4 weeks. The results obtained were as follows: The
liver weights of U-SF groups were significantly decreased compared with
those of HCC group. The supplementation of U-SF recovered the levels of
serum total cholesterol(TC), triglyceride(TG) and LDL cholesterol (LDL-C),
which were elevated by high cholesterol diet. Although HDL-C concentration
was not affected by U-SF, Al index was significantly reduced. U-SF group
showed the decreased hepatic TC, TG and total lipid contents compared with
HCC group. The water contents and weights of fecal were increased by the
supplementation of U-SF in dose dependent manner. In addition, TG, TC and

total lipid contents of fecal were significantly increased in HCHF group



compare with HCC group.

To determine the effect of ethanol extract from Ulmus davidiana var,
japonica (EUD) on the scopolamine induced cognitive deficit in mice, ICR
mice were divided into 4 group(normal, scopolamine control, 0.5% EUD, 1%
EUD) and fed each experimental diet for 4 weeks. Intraperitoneal(i.p)
injections of scopolamine or saline were given 60 min. before behavioral test.
Supplementation of EUD significantly in brain ameliorated
scopolamine—-induced cognitive deficit as measured in both the passive
avoidance test and Morris water maze test in a dose dependent manner. It
was also investigated that the effect of EUD on LPS induced cognitive
deficit, Step through latency of Morris water maze markedly increased by
injection of LPS. But, the supplementation of EUD attenuated impairment of

learning and memory induced by LPS.

3. Chemopreventive effect of Ulmus davidiana var, japonica on colon cancer
and lung cancer

It was investigated that the effect of root and stem extract fraction(H-O,
hexane, chloroform, ethylacetate, butanol) of Ulmus davidiana var, japonica
on the cancer cell proliferation and preventive effect with human colon cancer
cell line(SW 480, HCT 116). Treatment of Ulmus davidiana var, japonica to
SW 480, HCT 116 cells resulted in the growth inhibition, morphological
change and induction of apoptotic cell death as measured by hemocytometer
counts, MTT assay, DAPI staining and western blot analysis. In SW 480
cancer cell, the expression of caspase-3 protein and bax increased with
treatment of chloroform fraction of root in dose dependant manner. For the
assessment of chemopreventive efficacy in vivo, male F344 rats were fed with
EUD (05 or 1%) in diet for 8 weeks, and the animals were subcutaneously

injected with 1,2-dimethylhydrazine (DMH, 30 mg/kg) 5 times at 3-day



intervals to induce colonic aberrant crypt foci (ACF). The supplementation of
EUD decreased both the numbers of AC (1191.1/colon) and ACF (529.3/colon)
induced significantly by DMH. In addition, EUD triggered expression of
caspase—3, a key factor of an apoptotic cascade on the colonic mucosa. These
results suggest that EUD lead to apoptosis of cancer cells, and thereby
suppress colorectal carcinogenesis during initiation stage. EUD also had the

inhibitory effect against Bla]P-induced lung tumorigenesis in A/J mice.

4. Establishment of indicator compound from Ulmus davidiana var, japonica
Ulmus davidiana var, japonica were extracted with ethanol, and further
fractionated with various solvents. Butanol fraction selected from the result of
bioactive activity assay and yield was further fractionated with various
solvent system by using open column filled silicagel. Flavonoid pattern of 5
fractions obtained was analyzed by HPLC, and the bioactive activity was
assayed. Active fraction(frc. 4) was further isolated by fraction collector and
applied to TLC. The chemical structure of active fraction(frc. 4-1) was
identified by using HPLC, NMR, Mass and IR

5. Development of functional food materials and functional food from extract
of Ulmus davidiana var, japonica

To develop functional food using ethanol extract(EUD) and soluble dietary
fiber(U-SF) of Ulmus davidiana var, japonica, the physicochemical property
was determined. It was examined the effect of U-SF on the quality
characteristics of the bread. As a result of sensory evaluation, color scores of
bread with U-SF were increased compared to control. But there was no
differences in the scores of flavor, texture and overall acceptance. Also
granule product using U-SF and sub ingredients was developed. To develop
beverage using EUD and sub ingredients, recipe formulation and sensory

evaluation were examined.



CONTENTS

QUMMARY  creeeererreesesesesmsssssss s sss s sesss st ss s sss s snens
Chapter 1. Objective and SCope - rssseremsseesemssssemisssesssssessssssesssssonenns
Chapter 2. Current Status on Domestic and Foreign Technology -+

1. Current Status on Domestic Technology

2. Current Status on Foreign Technology

Chapter 3. Experimental Methods and Results

1. Evaluation of bioactive activity of Ulmus davidiana var, japonica in vitro
A. Materials and methods
1. Extraction of sample
2. Assay of inhibitory activity against oxidative stress
3. Assay of protective activity against cytotoxicity of PC 12 cell
B. Results
1. Inhibitory activity against oxidative stress

2. Protective activity against cytotoxicity of PC 12 cell

2. Effect of Ulmus davidiana var, japonica on lipid metabolism and prevention
of memory deficit (in vivo)
A. Effect of Ulmus davidiana var, japonica on lipid metabolism
1) Effect of water soluble fiber from Ulmus davidiana var, japonica on
lipid metabolism and antioxidant activity
a. Materials and methods
b. Results
2) Anti-hyperlipidemia of ethanol extract from Ulmus davidiana var,
japonica
a. Materials and methods
b. Results
B. Effect of Ulmus davidiana var, japonica on prevention of memory
deficit
1) Preventive activity of ethanol extract of Ulmus davidiana var, japonica

on scopolamine induced memory deficit in mice



a. Materials and methods
b. Results
2) Preventive activity of active fraction of Ulmus davidiana var, japonica
ethanol extracts on LPS induced memory deficit in mice
a. Materials and methods
b. Results

3. Chemopreventive effect of Ulmus davidiana var, japonica
A. Inhibitory activity of colon cancer cell growth in vitro
1) Materials and methods
2) Results
a. Cell growth
b. Apoptosis
c. Apotosis related protein (bcl, bax, caspase)
B. Preventive effect of Ulmus davidiana var, japonica on colorectal
carcinogenesis (in vivo)
1) Materials and methods
2) Results
a. Changes in body weight and organ weight
b. ACF and AC
c. Cell proliferation expressed as BrdU labelling index.
d. Serum biomarker
C. Preventive effect of Ulmus davidiana var, japonica on lung
carcinogenesis (in vivo)
1) Materials and methods
2) Results
a. Changes in body weight, food intake and organ weight
b. Number and size of lung tumor

4. Establishment of indicator compound from Ulmus davidiana var, japonica

A. Fractionation and assay of bioactive activity for establishment of
indicator compound

1) Materials and methods
2) Results

B. Identification of chemical structure



1) Materials and methods
2) Results

5. Development of functional food materials and functional food using extract
of Ulmus davidiana var, japonica
A. Physicochemical property of extract of Ulmus davidiana var, japonica
1) Materials and methods
2) Results
a. Preparation of extracts and solvent fraction
b. Proximate composition
c. Contents of reducing sugar and free sugar
d. Contents of flavonoid and polyphenol
B. Flower behavior of water soluble fiber from Ulmus davidiana var,
japonica
1) Materials and method
2) Results
C. Development of functional food functional food from extract of Ulmus
davidiana var, japonica
1) Baking properties
a. Materials
b. Baking of bread
c. Physical properties of bread
d. Sensory evaluation
2) Granule
3) Beverage
4) Tablet

Chapter 4. Attainment of objectives and contribution ««««sseeeeeeeeememmemneenes

Chapter 5 Applications Of the reSUltS ...................................................................

Chapter 6 references



A1 AT EaAe] e

A2 =W 7

A 148 =
A 24 =<

7}

3

3

9 in vitro A8 A

Fad

FLh?

L
q =

A 1

N
N

o)

A&

2ol
%él

0

x
w

_Zrl

Jail

100

(in vivo)

Gt

fsi
=K

ol

T

N+

Gt

=0

ul
=~

7l AR

T

Nlo



=
pu
o

)
o

7K

T
w
ol

A3

(in vitro)

=
o

Al

or

TR

i
K
"

ol
2

&
W
o
<0

7} Cell growth
Y. DAPI staining

1o)

3]
of

o] &3} apoptosis

o
t}. Western blotS o] &

gl

3l apoptosis

(in vivo)

s

fet
EK
m

oo
<

&
T
R
e

K

2t @ N A &}stA biomarker

< (in vivo)

o Ay

TR

fsi
=K
]

oo
<

ﬂ_yl
w
oo
<

rvze]
A
,._wmo
ol

wK

il
o)
oF
ol

%0
)

~

all

2| %

)

A1

TH

st
=K
]

oo

)
T
ol

E
—_
~
ol
<

ﬂ”
i

;OU



I

o
i

o
<

N

alil
o
i
=K
ol
ol
N-

n-

i
J]

i

o

fro!
o)
o
o
7K
o
s

e

o
!
i
5y
™
2l

K

el

il

Ui

o
i

o
<

1. A

Ad A

7}

zel
il
T

alal
o)

=
—_

<

A

SAE

olp

3L
™

el A3

4. &



Al 1A AFREHA L TR

M
o

o]
oh

=
B

7
i
5

i

7
e

p—

o
wjr

X

&

fite)

No

i
oy
mo
of

R

e

o

N

A4

gk oluel ool o

2

RSB
=

o]

Far Ao}

9lo] Abxghrizbe] Aol AT A

LA

o
;OO
,._A.Vﬂo

o)
N

Z)

4

<

A

$4 A7

L
L

7}

A
ZS|

o] z4do]

Ea

St oleig AsaEd

L

R

b o] 7]

=<
fred

%

o

Jo

DNA E#

o
o

0

T 7,

o))

)

s AA sl 9

w3}

14 Askel

o

Jo

i

P AR s o]

[

B W] AR e

Aol e 237Ae AFAZANE de] AREH o

oW

b

|

R
|
ol

wjr
)



tol sk, ez =

S

EEEEE

)

il
J]

;OL
=3

ERSIIs §

el

| &

R EoA

Lo s e T ) 2 o et g |

sk

WZkol A o

SREEEEE

|

lignan, neolighan B3 A, terpenoid¥, tannind 5©°] X 11T o]

A

antioxidant effect, nitric oxide

neuroprotective effect,

L
R

S

antimicrobial activity

o]
M

o)
Jo
_E

ﬁo

=
jod

el

0

Jlo

8], Feuetell M= A7

[0

E
=

=
[6)

of WE7h

to] 2thE o &

S

T A st

A=

B R

—_—

Hin

L

Fejol ok wekA

3 in vivool 49

S

|

—_—
1o

7F

3

bz

9] in vitrool A9 A& S

— = = == 1
- =5 F=E=

J

A

Al

o
i

el

A
23

il
]

B

o
ﬂw_wo

el
JJo



A 2F =W TleNd a%

S YU (Ulmus davidiana var. japonica Nakai)= -7

Fol o =%, °

3|

F 3] ¢}

oj

SIE!

2 Ag¥lo] gt

—_
fife)

(+)-catechin¥9} [-sitosterol %A

o] /1 davidianone <2} mansonone

Myl HAARRE 4FF9 lignan xylosides, 2% ¢ neolignan glycosides®} 5

e}
A

ATHAL 1315 o

2%

Kol
=

Z 79 triterpene esters, sesquiterpenoid quinone

ATFZA Kim 3 Leex® =%}

Fol 100 uM glutamate® 1

o]-g3

o
=

rat ¢ cortical cell

M-S FEE°] SD

=
T

7} 7}3}k neuroprotective

put

o
0

N

To

|

|
(%

5]

—

o

o

effect”}

|
o

o}

3 4ol el

g

ao

ol

KN
=

melanoma cell line

=0
o

3l

Kl

R

[e3]
A

S 1A

H

3 ool AElo]E BRolA fel

4o 4% 2

3}
=

I tyrosinase

akal drh Chung 52 <

a37h 9eg B

2 melanin A A

=713
Q.
=

o]

ol

3

2ete 3 Eo A macrophagesol] 42l nitric oxide A4

F29

i

&

|

v

|

[e]

al

Bo9a, 95S ST AR P usiEEs o

—_—
1o
e
£l
B

—_—
1o

ol

Fm oA

ol™ in vivo AT

1=
[}

in vitro &

=]
T

A=)

dol

sl

s

AE ol

Ay
-

oy
—a-

Aol A

dEA

e
7K

3r
B

)

e
J



b FE olTu QU F BW, “FUT Ry e dugy
o

wel gAs AFsk v 9lom w92 embryonic cellol A =FuUFE4HEH B
3k rebwlo] 12-O-tetradecanoylphorbol 13-acetate(TPA)Z =4

AAA 7= #Eo] Advta d#A  Adv. w92 embryonic  hepatocytel A
glucose/glucose oxidase(G/GO)EH-EH H %9 apoptosisE A A 7], nitric
oxide(NO)2] A S Fgtta Bt =Fuyf 539 Was F5E59 ¢
v] & (gastric erosion) ¥ A (ulcer)dl st 37} HE o] 9l =Fu

e e Feks #8o] 1eF AES] Hep G2olA 52 oAl 2ol Hojvhar

oAl et WE AYAl @AY A&S TR BuEQ o= b
e FEE HEE EIHoA  macrophages W inducible nitric  oxide
synthase(iINOS) A &}ell M2 NO S JAtezA FEAA XY MEAE S
AAg Tt B stk 3 =gu Beygde vgs FEEo] I EdW
ojell g FEAWo] FIIF ¥l vh5-2 embryonic celldl A TS A
sk dl EarF o, ek AEF] s AE 54 oA 2t e slew

3>
CEUSRG 28 = 588 2R 4% =E/RE 1449 4ge o &d
o7h ARoln] TAA 6B wA g7 2,



7F 4l

h=i

=]

o]& 7t=EALE H7HA

L EUE RS 2-5%

i

=z

I

*

N

_—

e
‘WO
o
)

=
T
X

Al

2
=
oF
=

REs

g

B ol

80% el

=

=

1
T

1}

=N

wil- xﬂ =

1
o =g}
SER)

°
pil

=
[e)

=
[¢)

-
R

of thal Al

stol el o

[¢)

-
X

A7t
2S5 HH Wang
QA

7FEE 05-5%
A375-S29]

=
=]
ul
=~

o] MCF-7

1

A 2% =9 AW A%

]

2] apoptosis

N

~
0

B
L
N

—_—

N
N

—

ERREE

=
=

2]

[e]

o %4

HHy

2~
<5

]

oA

o)
PR

3] of

-
X

b A

o]

ts)o] o (LG chemical LTD.,
o

=
=

<]

k<

o
2

2HE A

USA patent),



A3 FATFAE 3 HE 2 25

A1A =FIFE 2559 invitro B EAH H7}

guol s AEd

M

B doMe =guTe FEEY FEES 9%
2 A &4 S DPPH, radical scavenging activity, TBARS A A so 2
7tet o, HAGMEE ol&3te] f-amyloid protein f%= AEZ Al ek ®
35S MTT assay® #H7}s90 3 apoptosis ## @l d o] &S western blot
analysis® #4350t &3k acetylcholinesterase A &A1 S H7FsEA a2, HAH
Mo A glutamate induced ROS A4 9 AsS DCF-DAE o] &3to] H 713}
}.

A1 AR 2 WY

rotary evaporatorZ s Esle] olE o© S FEEZ St Ao e
FEES A FE2EEE, dHoMEHE, FEEY FARZ SAS EEshd
T8std o FatgmE oz iy dog FIES A H A SWlE AA

sto] Al 5= ARg-eFith

2. A3 H 22 JAGH =H
7}, Brainol Al 9] 4HaAd ~Eg A A A

Astx ~Ed A JAEA L rat (Sprague-Dawley, 24, 65F%)2 whole



braing 2 &ste] #Ad3t A7l F 4kst 2E# A FREAEAE FeSO-H0:5
A-g-3te]l A= TBARS 38 Ohkawa Wiel st A AT &, =
Aol FeSO4sH:0:¢ 2 AuE sEH=E FHrbste 37CoA 20 &<t
incubationdle] 20% acetic acid 1.5 m¢, 8.1% SDS 0.2 m{¥} 0.8% TBA 15 m!

= HA7FE F 100TelA 4023t 7EEstat. ol ol dAEdE Tt 42 4

oN 2
1
W
\]
)
8
=2
>
A\
o
_0|L
e
=
=
ot
a2
[>
m
)
[>
)
:og
gt
fo
>
all
et
X
M
oo
o
k1
o

FEE d2TOR ¢ FRERTE Adstel B4 mussit,

. DPPH Free radical A% &4
DPPH free radical 27152 Blois(18)¢] WHol| o|sle] =Astct & A&
3 wrEE A" 2 Az 02 md 4x10° M9 DPPH (1,1-Diphenyl-2-

PicrylhydrazyD)-§<} 0.8 ml& #H7lgt & A2oA] 1683 WAs H, 525 nmol

3. ABAE=SY H5adn 53

A A B

B A oA A}83F A|ELFE rat pheochromocytoma PC 1224 oA £
23 (KCLB)ol A #<F2ol 10% inactivated horse serum (GIBCO, USA)I} 5%
fetal bovine serum (GIBCO, USA)e] #H7Fg RPMI 1640 (GIBCO, USA, 25
unit/m¢ penicillin, 25 unit/m¢ streptomycin)¥j ] & o]&3}le] 37C, 5% CO, %7
o w7 oA et Ah wiAl = 2ol FHA wAls g ow, 4-5¢Ud THA
Alchul g skt

L}, ff-amyloid protein ¥ L-glutamate
Ax =4S MIT @ W@¥s olgstel  SAssch. MTT
(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide) =732 4ro}3l

= Axe mEFZ=gold gf¥ dehydrogenasedl 2]& MTT7} formazan® 2



A= G A= Wyez W
cell/well =T 2.2 96 well plateo] HES v, 2441 &t vl et} =
TE2 A st

9 L-glutamates 77} 30uM % 20 mM<]
AIANRE FEEE HIste] 4847 ©

HjokS A7l 3 MTT Aok (50 pg/wel)S H7bsla 447ko] A th& ELISA
43ko] 540

M Eo| p-amyloid

o AEEHE FuARom Ao

Oy

[¢]

microplate reader (Molecular devices, THERBO Emax, USA)E ©]

Jshich. Avbe 27

nmoll A TI=E =4

percent(%)% e AT

t}. Cellular Reactive Oxygen Species (ROS) =4
243 ke PC 12 AZE 2x10° cells %22 60 mm dishel HEE o
241 7F &3t st deh. Wi A7)

55 dAFLER FHUbeto] 4A3bE vl kit

= 20 mM9 glutamate® 4+a% ~Eg

o] %S =A37] Y] DCF-DA (2, 7-dichlorofluorescein
diacetate) & 10 pM == #H7bste] 30&3F 37ColA F7l=2 | gs o3
fluorescence plate reader(Ex 485nm, Em 538, Labsystem, USA)<S o] &3} o]
AstAn. A7e SAE dE2TY FFEE 10002 3+ percent (%)= YER

At

=
=



ara A A

<
T

Rat brain &4 <& FeSO,~H0E A 2EH2AE FA 7

1. &34 2Eg X 9AE4
7}, Brainoll A 9] AFs}4

A2 2943

N
o

S e )

-

9301

;(é 5

=
=

44 %EE TBARS®E

N
oj

0

~
B

o dolAHl o] E

L

o

R

oM 7+

fLN

A7 A
\=]

3)
sl

o
o
jant

NG
M

o)
e

A

3}
=

UERHAT 7] = FA] olEolAHolE LM 7HE =2

o))
op

g
%

ofpy

el

o

o)
M

)

T
i
o

ol

H
o

el
il

|

Bt e o dolAl g o]

Fol A o

o]

A
o
T

|
[

o

T
W
or

o))
A

o]
s

</

N
T
il

o
=t

il

Ho
Z7)9} Bl A ]

=

=

[e)

o
==

A

=

87

R

B =

¥ 4 o)

o

R

¢] DPPH radical scavenging activity

}. DPPH Free radical 7% =
EF AT (Fig. 1-2). Ak oz Ho}

1t (Figure 1-1.)

N

el

,“_Aio
oy
ol
M
"

Ef

F40] 7

L

.

2] ol A

J

71, Bl B ol obAlE|

RE S

‘OA

ol 7

=

3}

8304

E

]

0]

ol
e

wWr

ojp

Bl



Stem fraction concentrantion (ma)

Inhiition (93 Irtdton (%

Root fraction concentration(mg)

0 20 40 60 80 100
Inhibition (%)

Fig. 1-1. Effect of Ulmus daviadiana var, japonica on TBARS formation.
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Fig. 1-3. Effect of Ulmus daviadiana var, japonica on —amyloid induced
cytotoxicity in PC 12 cells.
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Fig. 1-4. Effect of Ulmus daviadiana var, japonica on L-glutamate induced

cytotoxicity in PC 12 cells. Different alphabet Iletters mean significant

difference (p<0.05)
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Fig. 1-5. Effect of L-gluatmate on the intracellular ROS formation.("p<0.01,
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formation in L-glutamate-induced PC12 cells. Different alphabet letters mean

significant difference (p<0.05)
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Table 2-1. General composition and contents of high cholesterol diet

(g/kg diet)

1% Cholesterol

Ingredients Normal y = =
HCCon HCLF HCHF
Corn starch 150 1375 1375 1375
Casein 200 200 200 200
Sucrose 500 500 500 500
Cellulose 50 50 25
U-SF" 25 50
Corn Oil 50 50 50 50
Cholesterol 10 10 10
Cholate 2.5 2.5 2.5
Mineral Mixture” 35 35 35 35
Vitamin Mixture” 10 10 10 10
Clolin bitartate 2 2 2 2
Methionine 3 3 3 3

1) Soluble fiber from Ulmus roots bark, 2)AIN-76 mineral mixture, 3)AIN-76
vitamin mixture, 4) 1% cholesterol diet group with 5% cellulose, 5) 1%
cholesterol diet group with 2.5% cellulose and 2.5% U-SF, 6) 1% cholesterol diet
group with 5% U-SF

3) Biomarker %
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SAsl Al &4 % catalase, superoxide dismutase (SOD) % glutathione
peroxidase (GPx) €4 & 7t A SA AT F 24 FA 108 volume®] 0.25 M
sucrose/0.5 M EDTA bufferE 7}sle] W Wy3s}le] homogenizer® #3353 01, o]
o A& T NS 1000xgol A 5&3F ¥4l (Rotary vacuum evaporator R-114,
Swiss)sle] A=HNE catalase AP O FE AFEEA T} o] A= S thA] 12,000xg
o A 3087 AR ste] AE NS SODS GPx &4 =Ad A& on, x4
AEE A4 A7EA] 70T A W¥s Bt Catalase™ hydroperoxide”t

B He AEE =43 += Aebio WY 3 oen, SOD &4 L Marklund9]

AH ¥4 5 vitamin E9] &% =4
Chen 59 W& Wdslel &34 100 pLoll 900 pl methanols & 7}sle] 7
3}l vortex mixingdlte] 825 gollA 5&7 AR e A AAHATS 045 pm
filter2 o #sto] HPLCE #4135 th Nova-Pak C18 (3.9 x 150 mm) column$

AbESte] 0.8 mL/mine] fFeHE= &ulE SeFor, &2+ acetonitrile,



methanol, isopropanol, 1% acetic acidE& ©]83}9] time course gradient %713}l
] fluorescence detector (Jasco FP-2020, Japan)S AF-&3}o] excitation 298 nm,

emission 328 nmoll A =A s} th

7 oo d AR Lowryel oste] GFatdla
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A= bovine serum albuming AF-&3FS T

ARATHE SASE ol §dte] AATY AT+ EF AR Yo 7 e

oz HAAL BAEAS 3 & 3=0.05 A duncan’s multiple range test=

Y. 4343
) AAdAbe WA= ek
7h AT, AeldA=F B2 AT
Cellulose7t 7be a1zl 2~HE 2 o] (HCCon)¢}, =Fuy F==25FH F
=3 784 Aol F(U-SFZE celluloseE 50%(HCLF) 2 100%HCHF)Z Z+7}
Akl A xTk HolE AT AAsE] AT, AelHHAEF 55 Table 2-2 1
Bk A3 AAIAIY A F e oF 147g Jou 4573 A Aels HAAN F

AT R ATSTHES el ES FolehA] & Aol Hlsto] B =HE

_|>~
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o

zoll A A2 =4 YER T o] 88 S cellulose® U-SFZ tjAlgo =
Atk Faete AES el oW BAA FojAE vEhA gkt Aol A
AF AA Agas ol FoAE dEyA skt ddsee AVFAE
(Table 2-3)& HW, ¢4 Adte] 7+ FA= 356g0ld ot Zd2=dHE Aol &
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Table 2-2. Body weight gain and food intake of the fed experimental for 4

weeks.

N I 196 Cholesterol

orma. =

HCCon” HCLF” HCHF®

IBW (g)” 14772157 147854160 147.18+1.85 147.22+1.75
FBW (g)? 355.76+4.78%°  366.53+546 357.37£7.08  351.84+6.50
Weight gain NS
(e eelcs) 208.04+5.69™° 218684618  210.19+6.77 204.61+6.18
g/dweeks
Food intake abd) A . b
(s 20.44+0.12° 20.82+0.11°  20.79+0.07*  20.33+0.02
g/aay

1) Initial body weight, 2) Final body weight 3)NS: not significant 4) Values are
meanstSE (n=10) and those in the some row not sharing common superscript
letter are significantly different at p<0.05 by Duncan’s multiple range test.
3)NS: not significant

Table 2-3. Organ tissue weights of the fed experimental for 4 weeks.

196 Cholesterol
HCCon” HCLF” HCHFY

Liver (g/100g b.w) 3.56+0.08° 5.86+0.15 5.38+0.13"  5.18+0.14"

Normal

Kidney (g/100g b.w) 0.72+0.05" 0.78+0.01 0.79£0.01 0.75£0.01

Spleen (g/100g b.w) 0.25+0.01™° 0.28+0.02 0.27£0.01 0.26+0.01

Retroperiperal kidney
adipose tissue 1.84+0.11% 1.72+0.07*  1.39+0.01°  1.21+0.07"
(g/100g b.w)

EFP (g/100g b.w) 1.35+0.09" 1.15+0.09" 1.16+0.11° 0.90+0.03"
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A F7kste] B AR FES dERAT e W i e Aol

Hlste] Fe ~EHE oA FeolHqo Aoy U-SFe o] Eoly

of wel fo)H oz Ftslth(Table 2-4). ¥ A FoA 9420 2o et

A kot U-SFE woldt 2339 AFo] 2R} vtolzl AL Ay o
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Table 2-4. Effect of U-SF on the fecal weight and fecal lipids profile.

High cholesterol diet

Normal
HCCon HCLF HCHF

Fecal weight (g/day)  3.26+0.56" 2.72+0.29" 3.15+0.42° 3.18+0.22°
Fecal moisture (%) 34.57+3.99" 2356+2.94° 33914239  4873+2.91°
Total lipid (mg/g) 48.85+4.21° 86.4+2.28" 92.63+4.50  99.86+0.84"

Total cholesterol 2.49+0.45° 40.14+0.92°  41.44+2.04"  52.17+1.92"
Triglycerides 0.39+0.03" 1.00+0.13" 0.88+0.07° 0.86+0.12°




=EUF PEENEH 25T 784 HolARU-SHE v 434 €AY

=, AW % HDL-Z# 2H & S 5435k Table 2-500 YEH A
o 22 2HE dxzae] A9, Aold 1% FEsHES HUMgo =24 total
cholesterole] +&JstAl F7kstith. 1ev olefd & F ZHzHES T7te

celluloseE U-SF= Aoz FolatA ristes 2SS Y on olgst

AEE srERor Yyt w3 AR A nZgAgE gxady
AT fro] Al Aol YERA] @k o ) celluloseE U-SFZ Al 3o 2 4]

TR E ¥ v SAANE Yo LEdaHES Bt ofyet uAdES
A= s 7T & A& Ao AREAY. HDL cholesterol i1& 2] 2~H =
ol A Aol mlal folshAl stobl o o] dt Ha= U-SFe| H7bel ¢
8 gFe A &2 Ao el o HDL:Total cholesterol ratiot= celluloseS
100% Wizl HCHF wolA foder Zrtsts 4¢E dvepfdnh. LDL
cholesterol JA] LZe 28 E xwolA F7Fe o HCHF ol A 942
2 st oldd A3E iR EFY 253 84 Holidae 2494

o €% zulzHE 2 ALdAl FolHdd 2dE dvEHs & ¢ Al

Table 2-5. Effect of U-SF on the serum lipids profile. (unit:mg/dl)

High cholesterol diet

Normal
HCCon HCLF HCHF

Total cholesterol — 98.24+3.26°  177.81+11.47"°  159.43+8.60™  149.58+4.63"
Triglycerides 140.8+7.32° 144.09+552°  107.11+£3.13°  101.82+5.26
HDL cholesterol ~ 72.66+3.11° 46.25+1.25" 46.35+2.14"  47.39+1.31"

LDL cholesterol 70.94+3.29° 152.52+4.19° 142.64+4.28"  123.03+4.21"

HDL:Total

a C C b
cholesterol ratio 0.74+0.02 0.27+0.02 0.27+0.13 0.36+0.04
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Table 2-6. Effect of U-SF on the contents of liver lipids profile.

High cholesterol diet

Normal
HCCon HCLF HCHF

Total lipid (mg/g) 7T1.74+4.04°  206.84+657" 16834455  155.96+4.15"

Total cholesterol . . ah b
4.44+0.32 43.95+3.14° 39.15+£1.97 32.30+1.26

(mg/g)
Triglycerides(mg/g) 19.80+2.43%  52.89+1.33" 42.47+2.43° 32.30+1.26°

2) FAsAA N A= FF
7h b T FAbsA A F

AU SHE Aolo Hole T AatsA A gEe s FsAlT



E Ao w veEbwth celluloseE U-SFR 100% thAl g HCHF ol A tha vhopbx] =
e HEh oY, froHel Aol A H A & krk(Table 2-7).

Table 2-7. Contents of TBARS in liver of rat

High cholesterol diet

Normal
HCCon HCLF HCHF

TBARS NS
(nmole / g liver) 165.26+3.23 169.33+5.57  164.43£3.21  159.65+2.83

i

AF Y AEHE 2ol catalase E GPx9 Al Fo &<l F7}
z#std o olef o] FT7tE &2 celluloses U-SFE dlAletl & tha v
ol = S UEIATHTable 2-8). dAtsta o] 84S A ¥ AitshA 4o
FEo vt ARl wFo] nZYzHE oA ZasAVEE
S8 At Eo 9)5e] catalase ¥ GPx9 Aol Frhst e, HCLF %
HCHFol A ¢ @2tstaio] 240 e 9o Aol Fast AdAitsta
of 71918k Aem AR AT

Table 2-8. Antioxidant enzyme activities in liver

High cholesterol diet

Normal
HCCon HCLF HCHF
Catalase ab a be ¢
(unit/min/mg pro.) 2199109 55.95+1.71 49.33+1.76 46.42+1.31
SOD NS
(umit/min/mg pro.) 458+0.08 452+0.16 457+0.12 4.25+0.10
GPx 285.82+8.82°  340.48+20.62° 343.71+12.99* 320.21+11.79™

(nmole/min/mg pro.)
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&3 Z vitamin E9 33FS HPLCZE HA sk
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-tocopherol®e] &¢1% ¢ ow  E-tocopherolS #ZE A ekokrl w3 pel v
~tocopherol> & ¥ A 29kil, (f+v)-tocopherol®] &2 7t o+ ztoll f2o A<l A
ol 7} yEelYA] &ttt whelA 3 F tocopherol?] tii-Eo] ad ol

"] &l HCLF % HCHF®ll A1 9] tocopherol®] &&Fo] =2 o=z EEom 53
HCLF9 7% 1090 pg/ml2 7} = Ao 2 vyt

Table 2-9. Contents of vitamin E in serum

High cholesterol diet

Normal
HCCon HCLF HCHF

a-tocopherol b b a b
(ug/ml) 7.56+0.34 7.19+£0.99 10.90+0.29 8.74+0.38

Eﬂ;}gﬁowphero} 0.0362+0.0013™  0.033+0.0015™  0.038+0.0043" 0.034+0.0015™
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Table 2-10. Composition of experimental diet

(unit : g/kg diet)

Normal High fat 0.5% 1.0%
Control

Casein 200 200 200 200
Corn oil 50 50 50 50
Cocoa butter - 50 50 50
Coconut oil - 30 30 30
Cholesterol - 10 10 10
Corn starch 450 340 340 340
Sucrose 200 200 200 200
Cellulose 50 50 50 50
Mineral MIX" 35 35 35 35
Vitamin MIx” 10 10 10 10
Methionine
Choline bitartrate 2 2
80% EtOH ext. - - 5 10

1)AIN-76 mineral mixture, 2)AIN-76 vitamin mixture,

3) Biomarker #4]

GECEETEREE

th g4 5 T4 AW F Zd2dHE, HDL-Zd 2 =
Ao FA AW = ZE2~HZ HDL-ZY2HE 558 (F) 29438k
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Cholestezyme-V, 4 A %<& Triglyzyme-V % HDL-Z# ~H =& HDL-C5552
o] &3te] FAlEtF o LDL-Fd2HES F§FS 49 ZHU2HEe FHoR

W Aol AE g

TA g Az A gHied aEs fd s=d YA AEe
ki3

B2 sl A v, 78% 80%, 90%
2 100% o &S o]&sto] dAH R DAl thy paraffin F3HHBS A A

sttt =EZvld =242 ERriZ o dm FAE whAdsk
hematoxylin-eosin® 2 GAM3}li, xylenel @& T3} AlA BY3 v} 433

deor wEsd

P Oil Red-O staining
R e Ao W HAHS PBSE AFsta, 7)o A7be 4%
formaldehyde &S 7}slo] A-2dA 1A LA Z T o] & thA] PBSE Al
28}, 2-propanolell ¢ 05% Oil Red O & Ao A 447k ZoF dM3l4d).
ThA] 13] AlHg & dAn A g nkey &S Jhsta b 24 QAP E 43}

dAnj g oz #Fe
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o] AT, Aol AY 55 Fig. 2-1 2 Table 2-11°] YetiAc) A4 o] 43
4575 a2t ATT7IES Aol wste] A JEeytaiel g
e AEgS et oy B4 A
ofxb= ERA] ekt Ao] HFAFS ATt Es el FoA7F vERA] kgt
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Fig. 2-1. Body weight change of experimental mice for 7 weeks



Table 2-11. Body weight gain and food intake of mice fed experimental diet for

7 weeks.
) High fat diet
Ingredients Normal )
Control 0.5% 1%

IBW (g)V 21.37+1.14%%  21.4841.28 21.45+1.65 21.44+0.90
FBW (g)? 28.03£3.15° 36.06£2.89° 35.26+4.53 34.09+5.02°
Weight gain b a a a

6.66+3.46 14.58+2.34*  13.81+4.34* 12.501£4.56
(g/7weeks)
Food intake (g/day)  3.48+0.12"° 3.47+0.11 3.58+0.07 3.67+0.02

1) Initial body weight, 2) Final body weight 3)NS: not significant 4) Values are

meanstSE (n=10) and those in the some row not sharing common superscript

letter are significantly different at p<0.05 by Duncan’s multiple range test.

3)NS: not significant

Table 2-12. Organ tissue weights of the experimental mice.

High fat diet

Ingredients Normal D = 5
Control 0.5% 1.09%
Liver (g/100g b.w) 3.81+0.71° 555045  538+1.15"  5.29+1.16
Kidney (g/100g b.w) 1.29+0.16° 0.99+0.13°  1.02+0.26"  1.04+0.17
Spleen (g/100g b.w) 0.29+0.08™ 0.27+0.09 0.30+0.15 0.22+0.07
Retroperiperal ~ kidney ) ' ' '
adipose tissue 0.88+0.60 1.67+0.31°  1.71+0.67*  2.01+0.39°
(g/100g b.w)
EFP (g/100g b.w) 1.91+1.03" 461+053"  461+0.17°  4.74+1.09
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Fig. 2-2. Contents of triglycerides and total cholesterol in serum of the mice fed

experimental diet for 7 weeks.
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Fig. 2-4. Al index in serum of the mice fed experimental diet for 7 weeks.
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Fig. 2-5. Representative ORO staining of liver tissue
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Fig. 2-6. Representative HE staining of liver tissue

Normal Control 0.5% 1.0%

Fig. 2-7. Representative HE staining of epididymal fat pad
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Table 2-13. General composition of diet
(g/kg diet)

Scopolamine inj.(1mg/kg, i.p)

Normal

Control LT HT”

Corn starch 529.5 529.5 524.5 529.5
Casein 200 200 200 200
Sucrose 100 100 100 100
Cellulose 50 50 50 50
80% Ethanol extr.” 5 10
Corn Oil 70 70 70 70
Mineral Mixture” 35 35 35 35
Vitamin Mixture” 10 10 10 10
Clolin bitartate 2.5 25 25 25
Methionine 3 3 3 3

1)80% Ethanol extracts from Ulmus roots bark, 2)AIN-76 mineral mixture,
3)AIN-76 vitamin mixture, 4)Normal diet group with 0.5% extracts, 5)Normal
diet group with 1% extracts,

Z}. Passive avoidance test

Apele] Ao Bo Adsolgth APFEL YA ¥ Ue

il

Eoj7l=d], olu £& 21 0.3 mAe AFE 327 Fo] olF 7193}
ole} 22 WO Z test 3FF A 23] AFA S ¢ testA] scopolamines
AHlmg/kg body weight, i.p)3Fal g AJZFo] Xt Fof thA] Ao AP FES F

of, 4& 3yste] GHZ Eoj7k=d 7kA A= AlZF (step through latency)S



ul. Morris water maze test

ICR mouseE Morris water mazeoll A 19 23] W& sh5S AAI%E & 2d A%
° 2 ZH3AE Morris water mazet= 27 9°] 1
Tl 26~28CQ Fx=S 234 % AL, 2 2tell BH7F 222 5 = A7
°] 10cm ¢ ¥& 9 platforms AA ekl AFFe] GARLFE FHAIAA HA G
EUFo] §Uo R Holx ghF: Axsrt 1Y 23] AF

ol el pooldll A platformo & ZtolAr] &zt 7 JJEE st om, 180% oluo
2] Fst A FE platform o2 1%=dte] o] & QIAEHA sttt A5 F v

trial Al 60% Aol scopolamines FAH1mg/kg body weight, ip)dti €9} &

)

PH O 2 water mazes A platformo. 2 Zro} Eelrt=d| 744 285 = Al

= A4St en o9k T trialS A& 243 Al

)

v @q g Ao AH

Scopolamines FA}&le] passive avoidance test B water mazeS A A3 A
HAE2 scopolamined FAFEHA] 180% o] Fof ¢txd W oz HNS AFH
o A F e dHe dAlEE o] Fol ice bathol 20iE7F WAgk = 2800 rpm,

4CoA 3087 Y4 E8 (Refrigerated multi-purpose centrifuge union 55R,

Hanil, Korea)ste] A& e} &3 & Flsta, #2ld 42 -70C deep freezer?l
Bas o
FHS JH3E T ZE FA7)EL ice batholl Al =A] WO ice cold salinee] A&

3 TS AR R BEVE AASY FAE A vtE -70°C deep freezerd] R
o

Ab. 83 2 ¥ £ Acetylcholinesterased &4 =3
@4 9 AT ACRE #HEE Elman Yol 2Asel S43H4th %, 30 mL
phosphate buffer (pPH 8.0)9} 3-carboxy-4-nitrophenyl dissulfide (DTNB),

acetylchoiline iodide ¥ &% T+ phosphate buffer®2 233 %2 dAHUY=



o X F ALJAHNEY FF 57

HzAo AA HazlE sFe 2o UdAZS Teflon Potter-Elvehjem

of. A& AkstE B42 Ohakawa 59 W wgl 4590 FEA 2 A

.

32

+= 1,1,3,3,~tetracthoxypropanes A}-&3}

2. 484+

7h AT, AoAdFAFE * A7FA
Scopolamine?] FAF @ =EUH OB L 255

b AT o] Wstel] FEFE W AA Fkom, 72 At s Ho] Ho] A Zo e ¥

stE YEhl A 3k tH(Table 2-14). Z715A A 2 Aelxts ol AolE e

WA @& SktH(Table 2-15)

Table 2-14. Body weight gain and food intake of the fed experimental for 4

weeks.
Scopolamine (1mg/kg, i.p)
Normal ) =
Control LT HT
IBW (g)" 28.65+0.47"5% 28.62+0.48 28.95+0.59 28.85+0.55
FBW (g)” 35.85+0.52"° 35.73+0.76 36.15+0.87 35.86+0.55
Weight gain (g/4 wks) 7.19+0.54™° 7.10+1.07 7.20+0.59 7.00+0.29
Food intake (g/day) 5.77+0.59%° 5.90+0.59 5.69+0.13 5.60+0.24

DInitial body weight, 2)Final body weight 3)NS: not significant, 4)0.5% extracts

fed group with scopolamine inj. 5)1% extracts fed group with scopolamine inj..



Table 2-15. Organ tissue weights of the fed experimental for 4 weeks.

Scopolamine (1mg/kg, i.p)

Normal

Control LT IS
Liver(g/mouse) 0.45+0.01™° 0.44+0.01 045+0.01  0.44+0.01
Kidney (g/mouse) 0.57+0.03"° 058+0.02  056+0.02  0.56+0.02
Brain(g/mouse) 1.61+0.03™ 156£0.04  150+0.05  1.52+0.03

NS: not significant

1}, Passive avoidance test® % 7|93 &4 owas
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S g3A A 719 g9 5ol A=A E passive avoidance testE 55ke] 8}
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Fig. 2-8. Anti—amnestic effects of ethanol extracts from Ulmus deviadiana var,
japonica on scopolamine-induced memory impairment in mice In passive
avoidance test. All mice were given one day training. Twenty—four hours after
the trainig trial, amnesia was induced in mice scopolamine(l mg/kg body
weight, i.p). After 60 min, all mice were again placed in the light compartment.

The latency time to enter the dark compartment was measured.

t}. Morris water mazeE %3 7|98 &N 4w 559 H7t

LEUE B 80% oEHE FEE2 597} scopolaminel® fFEFHE 7Y
Ho] A4S AWst= A E Morris water maze F3F9 #Ee A HH(Fig. 2-9).
Scopolamines FASHA] a3l Z R E7LR] Folrt=H 2L 5= AHE A A
I, AATH(normal), W Z(control), 0.5% 7+ (1LT) ¥ 1% H7FHT) z+z}
99.47, 91.60, 107.74 2 8728%= A gl E3tel H] 23k latency S YERA T 18
U 24A17F o] % scopolamines TAFSIY] 7|9E &£4E {FEI o AT

o,

latency = Z+7} 21.63, 78.91, 58.28 ¥ 17.16% 2 scopolamine W Z <! control?]

% scopolamines FAFSFA] &2 normalvtell H|sle] Fo|H oz FolxA 7oy
E4ol fFEE S I 5 Q. ek 294 9] SAe AR 7 At 47
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Fig. 2-9. Annti—amnestic effects of ethanol extracts from Ulmus deviadiana var,
Jjaponica on scopolamine-induced memory impairment in mice in Morris water
maze. The swimming time required for the mouse to escape was recorded. Each
day, the mice was injected with scopolamine(l mg/kg body weight, ip). All

mice were tested for spatial memory 60 min after the injection of scopolamine.
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Fig. 2-10. Effect of ethanol extracts from Ulmus deviadiana var, japonica on
AChE activity in scopolamine-induced amnesia mice. Each serum and brain was

acquired 180 min after the injection of scopolamine.
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Table 2-16. Contents of TBARS in liver

Scopolamine(1mg/kg, i.p)

Normal Control LT HT”

TBARS

ab a ab b
(nmole / g liver) 68.15+2.44 76.72+7.57 75.13+5.97 56.38+2.68
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zF A Aol 457 AFS3F ICR mouseo] Al LPS(Lipopolysaccharides from
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Table 2-17. General composition of diet

(g/kg diet)

LPS injection (50ug/mouse)

Normal

Control 0.25% 0.5% 1%

Corn starch 529.5 529.5 527 524.5 519.5
Casein 200 200 200 200 200
Sucrose 100 100 100 100 100
Cellulose 50 50 50 50 50
80% Ethanol extr. 10

Buthanol fraction 2.5 5

Corn Oil 70 70 70 70 70
Mineral Mixture” 35 35 35 35 35
Vitamin Mixture” 10 10 10 10 10
Clolin bitartate 2.5 2.5 2.5 2.5 25
Methionine 3 3 3 3 3

1) AIN-76 mineral mixture

2) AIN-76 vitamin mixture

4) Passive avoidance test

Passive avoidance (256000-series, TSE-System, German)+ v}-$-292] o] &
< Fobste F4E ol &5kl AAE AAEA AN} BAR FEY e, 2
Abole] #& Fo g AT AHsES WA ¥ dSs FH
o7k, ol £& 23 0.3 mA° AFE 3%3F Fof ol& 7IgeHAl stk
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5) Morris water maze test
ICR mouseE Morris water mazeol| /] 1< 23] 1}
o7 2439}t Morris water maze:= 7o) 1
Fo] 26~28CSl FxES 238 % A5, 1 et A7 &b & A= AA
o] 10cm ¢! €953 platforms A X|3tal A FH] SR F/HE FRAAA A5
=
=]

A] ICR mouse”} 180

-z

SHFo] Fow Holx FrF Axsrh 19 23] o
Z ool poololl A platform e & Zropr] etz = AEFE o, 180% o] o
A Fetd AFE platforme. = Q1E=dle] o] & IA|8HA stk 29 It A5 ¥
LPSE FA}(50ug/mouse, i.p)3FaL 2447k 3ol testdlo] platform o 2 2Zko} &2}

= 7HA A8 = ARNS SA4ETh

L e

of Wbl GFe wAA Wokoew, Aol HHFE= WIIE gller (Table

2-18) A7) Al Jgo] gl Aoz eyt (Table 2-19)



Table 2-18. Body weight gain and food intake of mice fed experimental diet for

4 weeks.
LPS (50ug/mouse)
Normal
Control 0.25% 0.5% 1%
IBW (g) 28.96+1.24" 2947+156 28.87+1.24 29.33+1.34 29.35+1.33
FBW (g) 37.62+1.82Y 39274392 3569+278 37.57+4.43 39.20+2.81
Weight gain NS
8.67+3.14™ 9/79+2.15 6.82+3.87 &24+1.14 9.85+2.46
(g/4weeks)
Food intake NS
442+0.37  452+0.24 4.05+0.25 4.55+0.37 4.64+0.26
(g/day)

Table 2-19.. Organ tissue weights of the experimental mice.

LPS(50ug/mouse)
Normal
Control  0.25% 0.5% 1.0%
Liver (g/100g b.w) 473+0.38" 460:0.56 454+019 4.82+0.36 4.63+0.40
Kidney (/1008 156:015" 1504023 149014 146+0.20 145+0.14
ppleen (g/1002 034:012" 034012 0.38:009 038+0.08 0.38+0.04
Brain (g/100g bw) 125+0.08" 121:0.11 L15¢017 1204022 1.16%0.12
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of ojw3l ¢JgS m x=E passive avoidance test ¥ Morris water mazeE £3

ro

o =439 (Fig. 2-11, 12). LPS FA} A passive avoidance teste] ¢
training®] A3, RE FHE9 HE Solrte W AEle A Audd 4l
o] H]Z=3k latencyE YERN A Y. 28U LPSE FAFsEL 24417 o] ol A3
latency= AAT, HET, 025%, 05% 2 1% Z+ZF 137.33, 4.65, 64.23, 8643 2
1047522 LPS th&aE LPSE FAFSHA] G gdrel nlste] fof A o2 stof
A s 719 o] HAaHASS AT F AT 2E Y AFSTIS] 4F F

TR g Ao B¢ 79

Ao 2 latency’t T7Metd o FxoEH AEdFS H QY Morris water maze

o

testoll A %= LPSFAF A ZH %S Zolrhe dl Al A A daglo]
H] 523k latencyE UWEFN I U LPSE FAFekaL 244137 o] F o =743 latency©
A, gl &, 0.25%, 0.5% 2 1% 7H7}F 21.72, 51.86, 34.92, 34.35 % 30.87= LPS
w2 LPSE FAMsHA &2 AAtatel Hlste] folAow Frtste] 43 7]
Aol FAHNSS FAT F AATE TH Y AFFTIQ] 4FE ¢ = F U o g
o] © 2 latency’}

(e}
4
o)At ARHA FAT. 80% olTE FEEe ARFY

A2 5t =3 B biomarkerES A A= git).



250 r

B Normal
. 200 - OControl
8 00.25%
§ 150 - E0.50%
o B1%
©
< 100 -
O
>
o
£ 50
s | E e
[0
] 0

Trainin Test

+ LPS (50ug/mouse)

Fig. 2-11. Effect of buthanol fraction (0.5% and 0.5%) and ethanol extracts
(1%) from Ulmus deviadiana var, japonica on LPS-induced memory
impairment in mice in passive avoidance test. All mice were given one day
training. Twenty—four hours after the trainig trial, LPS(50ug/mouse, i.p) was
injected in mice. The next day, all mice were again placed in the light

compartment. The latency time to enter the dark compartment was measured.
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Fig. 2-12. Effect of buthanol fraction (0.5% and 0.5%) and ethanol extracts
(1%) from Ulmus deviadiana var, japonica on LPS-induced memory
impairment in mice in Morris water maze test. The swimming time required
for the mouse to find platform. All mice were given two days training.
Twenty—four hours after the 2nd day trainig, LPS(50ug/mouse, ip) was

injected in mice. The next day, all mice were tested for spatial memory.



A3 AE =guUFY o dWaxn

Selubelel 5o Al o, MARAT, HFAR, Pl A% 2 AF A}
WApgo} 4% Wow AR Abgae] Aol d(FAEA 571%)% sk qlek
A2 fetete gom AgsE Aol T gov, TAGAME B0 n

29 2004 Fo = Apgel Abghe AA AFEARS] 26.3%(64,7319 )0l o] 231 )

-

£

ololl thal AMHE F Hd(lung cancer)> 20.6%% 19, o< (colorectal
cancer) < 9.1%¢ll aff ot 4915 A ] 8} L U= Aotk
(http://www.nccrekr). 3+ g talg oA sk 2002d SAAE wpEH,
A Eo] =& 100 oF FolA #HIS TR 291(17.0%), oA 591(8.0%) ©]aL, o
ke Tk 491(11.2%), A 391(10.7%)E #=skar JTH(Shin et al., 2004).
A Aol Fo] WA E o] gtom tiete] Wol WA ALl A= 1A
WAool 58] &9 &aH7F B2 Ae® uEut(Potter et al, 1993; Duthie
et al, 1999). =9

A7 &0l dAbel A 184%, o Atel ol e 164%= P 4d] =2
7heS YERW A Atk =3 93 2AME Fste], oiet EAlle] /e AW

3 2#A dH(Witte et al, 1996). $gluetadl A E 4

L

hAlE o] Woare] ofshd 1995 H-H 2002 7kA], FH < 8 XE

oN &
5
w0
1o
e

B
FAE Hola 3= Aow FAHHAY. A AET Fd=Hd @ B4 o

b ZAsa Gk oWl ATe ARE AT =FuFE ARE wol AL

gotA Aoz dojip= oF WAl dAlE A Sl v AlFEUelA Lojit
] 7f Al (initiation), & % (promotion), % ¥ (progression)e] Z}g oz 3k 4= 9l
b ooF A EAE BdEdo] DNA9 HH&3te] fdx Wols %3t W7ty

A wgow AsAew TG A0 wFol HA 2t @ PHMER A"



R AALTE AL ek o

1w = =

Jhe

rlr
oz
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& A (promotion)

+
i

)

& T AAME APYE= B oF AAEE Axe] A4S

[e)
&
W (prenoplastic lesions) A eI M-S AT o AT

2

=
=

o

At Q9o AARY ol HAR HEol 24 Yk A o)

o

)
o
oX,

. AP GA (progression)= Hl LA FAolwl W AVE Ao R T of
F

2
&t

i

(invasiveness), %l °]%5(metastatic —potential)e]  F7Fgt <A F Y
(neoplasm)Z A 3tx = Ao}, ¢heo] WAL SheFlol] o] FoyX X ki @
AlZroll AA ot
azoxymethane (AOM)S. 2 thA}E]

Lot
<
i3
1
id
w
r o
—_
“t\:
Q.

—dimethylhydrazine (DMH)-2 7ol A
3l A48l methylazoxy methanol (MAM,
CH;-[OINH-NH-CH.OH) & tAF5 o] methylcarbonium ion (CHs)o] &4do] ¥

i, DNASH #$3h: A2l dord

[o

2 A8 H(Corpet et al., 2002). DMH
U} AOM3} & sttt Ed S MAAFo Folstdl e o]zl doju}
A we=d ol AHA FAR(crypt) BTk 273w o] AL

(pericryptal zone)<S 7FAIW 12 A3 FHI S & HIH FA(o]FAde} |

2
~
2

{
oy

< & FHEAY

aberrant crypt colonic mucosa in rodents, AC)S WE I, o]} o] W3
FAg 250 FAHoer ro FAHE ol A(aberrant crypt foci of
colonic mucosa in rodents, ACF)&t= Aol A= o5 gl 7
HAQL T2 o] o]FojA FFo o] ol & JhsAo] g Erh(McLellan
et al., 1989; Bird, 1995).
HFYF FEEHAZ A3 benzolalpyrene(BlalP)2 E<1Wo] ¥ &

= PAHs®| stu=A 43l 54 Fo FHAsHA xEo] 7] wdel 1
stehAQl A, tiAy, 1Elx I Go] FRYsHA AFEo] gk
(Gelboin, 1972). BlalP2] A2 252301 =82 179.0C &4

o] Fo] =Hola AAL =wolm 38k e CyHp °lth BlalPe 3H8H2 o
2 BgAdolu MEZ e vlolaRg Fid o trHom AEHE Fe 3
Az FeAER 43t Ho] AEXY AdEAHE (macromolecule)ol] &4 3

koH(Miller, 1970; Heidelberger, 1975; Weisburger, 1978). BlalP WA= 2 9] 3}

>

R

fo

t}el  diol epoxide?! r-7, t-8-dihydroxy-t-9, 10-oxy-7,89,10-tetrahydro



benzolalpyrene (BPDE)o| BlalP¢ ZF=z¢l Wty ez 93 x] QdvhH(Sims et
al, 1974; Huberman et al, 1976; Newbold and Brookes, 1976, Wood et al,
1976; Yang et al., 1976; Kapifuliak et al., 1978). we}A olg] st F=%e1 wrot
4 dirb=Eel #ld Fd(tumor) el FAAES ME HdE AExxF, B F
(species)?te] ohfrte] Melds AnsiF= DNA modification g% 53]
7= o] gk
2 oATE =54y
DMHel 93] f2e 2= gt ¥ BlalPoll o& e HES
Aol Zake Ldotr gkt

AlE =guFd A3 AXE 43 dAS (in vitro)

1. 4345 2 39
7}, Cell growth ¥ cell count &7

A8l confluence”t 70~80% ©]7Fo] =W 96well plated] 2x 10°¢] A E
2001 w}E3ke] 37T, 5% CO: incubatoroll A 24A]17F FoF wjoks & dAUE
AE Wy AsE A sAete] 2 welldl WolFAh HEet 7]
chloroform3& 5x

1072
7z wEE A A FHEs B3

b | 1l |
100~x 200 oA ARl st & 22 W om ajfste] 7 AIZtgiE =R A
X E Ho}A trypan bluef ol 1112 A3sto] FAo] A & Aold= AXE

d

1S o] direct cell countE 93t

Y. MTT assay

AxEe] AEES =A4s= W oz 96 well plated] 1x 10°cells/mle] A E =
100 w® w}E3ste], 37°C, 5% CO, incubatoroll Al 24A1 7 =< wjeksigict. 2
welld M =25 #i#] 200 A Yol & MTT (thiazolyl blue, SIGMA Co.)E 2



ng/me el s=® FHjete] 50 wA FH7bsto] 3x17bel A 4XFHE e Wg-S Al
72t owelld AFEH 220 e AAS L, HEpdEH 30 W F32 F DMSO
(dimethyl sulfoxide)Z 150 wf % 7}8Fe] microplate mixer’ol Al 103 2 &3
3o AAES galA|7]l & ELISA plate readerel#] 540nm &% %% OD(optical
density)#te SA3AY. EE AldA43= AEE dgeA 22 welld A &4

d T30 dete]l A3 ghs AAEskaih

t}. DAPI staining for detection of apoptotic cell

8 well chamber slide o 5x 10° cell/me] AEE 7+ 400 wA L 24X 7H%
b HlgE T AlRE AgF 24AZFEF WEAZ H wgo] EuUd HiAE H
i 75 mM KCIE 500 A% 93 587 ¥&& atolrh ol Axs HE

A de]l #AS golstA FF7] Ystoltlk. I the acetic acid®} methanolS 1:3

AC)

o2 o] cold-ice HEE e F o]= 500 A E WojA 5EZF vEEAIA A
XE aAFAAY. F A NHES Attt o] EuH F|FolA kP
2 % DAPI staining £9< 100 WA= "ojrmy] 1087 943 5 PBS®E

L

M A3 E Glycerol2 cover glassE 93 PJFAm o2 (x 100 EEx 20002
2 FFESAT 300718 MEZE Alo] o]z o] THstet dMHe] §E5S Ko

= AZE apoptosis®] FElA AA 7ol wet wEto] wEs

Z}. Western blot analysis

dote 249 At #Ud scriper2 AXE Eoal
w2 ok A 1000 rpmell A AR dho] S AE #w F 2mee] cold PBSE
T W AFEAY. of7]e] 50 mM Tris pH 8.0, 150 mM NaCl, 0.02% Sodium
Azide, 0.2% SDS, PMSF (Phenylmethylsulfonnyl fluoride) 100 ug/ml, Aprotinin

Re AXE EAUH

50 wb/ml, Igapel 630 (%= NP-40) 1%, NaF 100 mM, Sodium Deoxychoate
05%, EDTA (Ethylnediamineetraacetic acid--Sigma E-4834) 0.5 mM, EGTA

(Ethylene glycol-bis(fi-aminoethylether) N,N, N’ N’-tetraacetic acid--sigma



E-4378) 0.1 mM=z ZAl ¥ Lysis BufferZ 50~100 plE 7}s] # vortexd H 2
AIZE ERE 4T A &afstth whgo] EuH AJEE 15 ml tubeo] Hol 30 %
EoF vortex 3L 4C 23,000 goll A 1A7Fser AR sdn, da e 3 A
T A AFFEEo o
=43t} ko] @ vl Ao Lysis Bufferel 5X sample bufferZ 4]©] protein
&S 2 g F 100TC heat blockel Al 5% &< boiling g %, 7ks<t A4l

27 sl Al5E Rt} Seperating gel(12%)3 Stacking gel(5%)S WHE oS

()

9ko Bio-rad protein assay kitE A}-&3}<]

A7195S il transferst9 vt transfer’b Y gel>  staining
solution(Coomassie Blue staining soln.) o] 10% ®7l%F & & IA oo
2 974 P& proteine #2133, transfer¥ membranes TBS-TE o=
washing3t & ¢F7F E7|5 A At TBS-T o= 3143k 2F 5% skim milk
2 oF 2A7F4 % blockingdt ¢ TBS-T £do= oz W Az gt} 12 33|
Azl % ECL &9 1%

dgste] dEeh

o

£ MgA F AES A

ZHF A

fo
=
oo

flo
auj
oo

2. 49425

7}. Cell growth
SFUF FE== AT 12, 2443

k=S
&35 trypan blue Mo 2 Folsl Azl ¢ FE=Eo AA EF, ool =7

o Siak By & BF 7] Bekg B3 (data not shown)ol W&l ¥g] o ¥
e w2y st 2719 oldoAlHClE 23], SRR E ZYdA s
AlZroll whep e AlaEe] Aol A= AS Feld & AAT(Fig. 3.-1)
W odopAgolE B3] A =Fuy B3 g 24 Az F, sEEE
Zaroll vl 30.3~261%9 AEES Hlow, ey FEs £89 A 417~

379%, =7] oldotAlH ol E & o] A 374~242%° HEE&S B v
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w3

’

of Hlal} 24A17F o] Hell #A ] MEY AEES WEE =79 ¥ F
9 (data not shown)& 7FA3L Al 6, 12417 & AE&S SA& Bt
7] FREXF 239 AF Ay 12A% F sxo wek gzt gib] 751

64.3, 35.1, 159%2 HBEES B FE oEHOE NEL AFo] AAHE RS

& o ARy e SREXE 289 49 70,12 01, 01%2] v ke AE
&2 BHAWFig 3-1). Ax AEs SAS 3 2348 n"gew 7 a7t
T ZV)9f By FREXE BFS AL MTT assays 2AA At AEL8
Al el ek vz 7EAl &= 500pg/meell A =79k el ZH2) 56.7%9F 53.3%°] A&
S B3, 1000pug/mioll A =719 By 2 183%9 21.0%9 AEES H Y
81.7%%t 79.0%°] =2 MxE F2 dATES 7HA L = o= Ve THFig.
3-2). Kim9 7oA x=, & et AEQ HT-292 7}A 1 SRB assays %
f =5 299 AE F4 dAsS F% v e, EEEXE 8 200
pg/meell A 37%2 A F2A JAlsEs 7H Aew yvEehy 2 AP dX g
Egh 9o AIERQD AGSOl = Ze A2 E ste] Slsided, ERREE 89
2 FEAAA 14%9 AAle S Kl Ao ey, tidet Alxe] i =Fut
T FEE FREXS B89 Ax T4 ATl Held Aew Hn EF,
EEUWFESE g Geu(G-12009] AE S dAlss Ay 2 dAFelA
= sk oEH o Alx T4 gAlso] =mopl up Qi ol Adm & v
EEU FEES gYst Ax T JATES HAD e Ao® AtmHr. ¢
H, trypan blues &3 HX AEE SAHANA =7|9 By FE2EXE 9 24
Al A 2 Aol 17} 45.0, 41.2, 10.9, 8.1%(50, 100, 200, 500xg/ml, data not
shown), &7} 1.4, 0.0, 0.5, 0.0%(50, 100, 200, 500xg/m¢, data not shown)¢] A3
E&S e 1y oj ks g E2A MTT assaylA e 22 XA =
717y 71.7, 772, 78.0, 56.8%% AE&S W3, He]7} 93.8, 81.8, 69.5, 53.3% <]
AEES ol o7t A=, ol¢t 22 Aas A2 bgE IR + 7t
3E =49 valueZt thEHA HIZE Zow B g v gl
o Aeglst A3} 7]} HCT-116, SW-480 + 7} A&
L EAA SAEe] S

g

A Ae o] skEstE A
NBE q 3
Bal o] chloroform&¥ Z7]9 chloroform%

7.
o A
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Fig. 3-1. Growth inhibition of SW 480 by ethylacetate fraction of root,
butanol fraction of root ethylacetate fraction of stem, chloroform fraction of

stem and root, exponentially dividing cultures were exposed to the indicated
concentration of each drag.
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Fig. 3-2. Inhibitory effects of chloroform fraction of stem and root on the
growth of SW 480 human colon cancer cells. Cells were treated with medium
containing 0, 5, 10, 50, 100, 200, 500, 1000xg/m¢, and inhibitory effects were
estimated by the MTT assay. Each bar represents the mean=SD.



. DAPI 39S o] &3 apoptosis &<l

Apoptosist= A AME AFE (programmed cell death)=A AEeo =
(shirinkage), 92z &5, DNA +4, vEZ=Zole 7|5 Hel, capase
protease A3} 59 EAES FuUlst= ZAow Hu H o#F ltk DAPIE= A9
g3} dm 24, DNAS AT cluster’} 90 minor grooveol ZAgrslo] &34o] &

7vebs =R, oleg 54 wel, £H¥a 85 apoptotic bodyE @M A

S EaA 7tas] e 3ol DNA fragmentation A xS Setow A2 4= 9l
o ¥y FEEIE BFo AHYE 3 SW 48041 Eol DAPI staine A A5+
o], = $=S

<3 e EE W, =719 e £ 25 Y FEa dAE Y

2 we apopsotic bodyES #H# & ¢ %)

h(Fig. 3-3.(A). AH Axe F& A
apoptotic body9] & Aloj Ay} = =

E£2 02 gpoptotic body’} EolvE Aoz yeyta, £33 By F2
o

¥ EgoAe =714 nl&) 2 sk

SIS
@ & UUthFig. 3-3. (B). olsh @& AR v]Fo| mop, mFuF FEHE

A AE 00T et

b
lo,

FEEIXE B3O fFd AES SW 4809 apoptosis FFEE = AoE A
Zhe) ol x| 53] el EgddA 1 g3t ¢ & AR AR ET



apoptosis(%e.
S =W 1

con S0ug 100ug 200ug
concentration(ug/ml)

chloroform fraction

Fig. 3-3. Morphological aspect of control and treated cells with chloroform
fraction of root(100, 200ug/mé) by DAPI(4,6-diamidino-2-phenylindele) stain(A)
and apoptotic body expressions(B) in SW 480 cells treated with chloroform
fraction of root and stem. Cells were stained with DAPI and showed
condensed and fragmented nuclei, which are hallmarks of the apoptotic nuclei.
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t}. Western Blotg ©]8-3 apoptosis ## t
(Bcl-2, Bax, Caspase—3)

Apoptosisi= A AM*E AFE (programmed cell death) &A1 AE2] ¢35, 4

=, DNA #4, nE&=glote] 7|5 Aol capase protease &4 3} 59

S4e et Aoz ®a g vk 9tk DAPI: Ao 93 524, DNA
] AT cluster7} 91+ minor grooveo| A3gtste] & Fo] Frlsls E&<ld o]y
3 EAlo] wlel, EEE 1 $EF% apoptotic bodyE dAvAS Es|A 1hds] &
¢l sl DNA fragmentation %S Hetozm #AZE 4= v}
ol A e & SW 48043l DAPI staing AA3t =4, ol
S W, =719 e 28 B do FAy dAde $E& #AF T F A%l
W, 1F=2 2445 B2 apoptotic bodyE ## & = A tH(Fig. 3-3.(A). &
o] &5 Ao AHAAH M E 20071F HHEFUE apoptotic body ] & Al

E]j_
ol Al Zv|9} ¥y FEREIE BI BFAA FE oEH O R apoptotic

A

Ak
We FR2IE B Z7]d vl

on
o}

&
N
i
2
=
rr
pad)
o
!
=
o,
3L
M

E
=

ol

d Ze FolA F ul o] apoptotic bodyE ## T 4 AATH(Fig. 3-3.
(B)). ol¢t &2 A= mFo] Hof “Fuf FEES FEREZIF 9L
oF AlE2 SW 4800l apoptosis FEE ste Aoz AZE oA E3] ¥ &
oA 2 37t v & HAoew AlsdEUY. DAPIYE M-S E3 apoptotic body”}
dojt Z7)9f By FEEXE TS SW 480 cellol A &8Fe] apoptosis
Zd @Al bel-2, bax, caspase-32] @3d HEE western blot2 o] &3le] &
AatSAth. bel-2 familys= A¥E Wrolu Alxvje] F3s dAdi= T3 s
A AAZA 28-S stH, bel-2 WA nEZ=gjol At kP SE x

Ael= Aow dex vt Bax: cytosolol A mEFZ =g otz o]FEHA nE

rl
it
AC)
_SL
—111

E] cytochrome C9] #HE F3&e] AxS AE AES fFEdts
715 M e Wk bel-2% MEZEgolR e baxd] olF s AAFoR
A A EZAE S AN T E eSS Sk kA, bel-2 59 AT baxel ©]

TS AN LZN cytochrome Co #HIE FHZee= Aoz d#A don,



1o dyo] AMEAE S 2dsted Fa% 4TS s Zo® B bt
Atk E AFoME E7] FREEEE oA bax7F 50, 100, 200ug/mlol A
B b 500pg/meell Al FE F7EEF AL, bel-2E A FRolAl WSz
g Areol S Wtk ¥ 2= bax7t F71ETH B ol 50, 100,
200ug/meol Aol A &A=, 500ug/miol A A Fo] FHAE AL, bel-2% v oF
sy FE oEAH o A tHFigd-4.).wE ARHOo R bel-2¢ THS
F2aakar, baxe WAL 500pg/mel Al FAE st o 7] BE R wE
o] Wi, YA oA A Walrt gl el o] bel-2/baxe] H&o] 3
ASA st AEAIES fFrste A4S & & Uk
[SIRE)H

caspase#} °]& 7l ICE/CED-like protease family+: apoptosis %

et
>

o

¢

o

2o 2@ 2EAAR 48T & db Ao wuddd o3 k. oF
familyoll &3slv B2 SIS A XZoA 3} mEZEgol &jute] )3}t

W o]5¢ &3t bel-2/bax family ¥l Aol ofEAH A= SUrh

sy

caspaser= A Al ATAY procaspaseZA A E a1, M FEAPE E<F caspase
9] aspartic acid”7]olA] dojit= vl GajutA S T A T B ghAE
HA3tEth, caspaser® F2 A% (cascade)o® A&, AF  caspase’f
caspase adoptor®}e] FFA-g o SAstE = Fgo] AEAPE] SlolA Fa g
2AGAZA AEAIE £33 52 AEAE @ BRe oste] xdHn, &
Aalel %719 caspase 2, 8 &2 9% caspase 3, 6 &2 7o #gslo] o5&
A sr 7)1, &3t o]E caspases°] thEeH Mol FHS T AXE
AlEol o] Z A 3t} caspase-3+ apoptosis® ©] 24 dF+= F 23 upstream 9

IRL EF43}E proenzyme(procaspase-3)2] FEH 2 FEX|
stohzb bR E] Ho] 7 e 7o FeEwA A5t JHE A drh
w3 A EAE Y Z7] dAe] #E8tH, 32kDa &A% A (proenzyme) 2] 2] ol
o8 Hx" 17 % 19 kDa °]F°|FA(heterodimer)7t EA3E HE 2
caspase-87} caspase-92] %7] ANEE FHAZITE A, MEAES «QlF U
el HA2ZZ yio] Aw, F A9 K caspase-39 EAstE Sl AlEAE

S ftsta, wEkA caspase-3i AlXEAME 7 A HAH o2 B E caspase©]



t}. caspase-37F @A3d degz AFHHE EBESA FEH<l  32kDag

¢
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il
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oX,
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o,
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X
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procaspase-37F Gl A o2 WHdo] =
Aol v Aol HEFojol gl B A Ay FV] FEIZIXEF BIPNAME
T oEAH o7 32kDa®l procaspase-37F =7} Wb ¥y R3S A%
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Fig. 3-4. Effects of chloroform fraction on Caspase-3, Bcl-2, and Bax in
SW 480 cells. SW 480 cells were treated with chloroform fraction of stem
and root(0, 50, 100, 200, 500ug/ml) for 24hr. Cell lysates were subjected to

western blotting with an antibody against caspase-3, bcl-2, and bax.



A2 =FUFe dFEAAdA &% (in vivo)

1. 4348 € wH

b AETE 2 ASEF
AHE AW AA A (SPF) F34474 6573 7 #=(SLC Inc., Shizuoka,
Japan) 89vte] & Alg3eltt ol A== AFSAFAHpolycarbonate cage)ell 3ulz]

493 gt 4970

i

=
=

il
rlo
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off
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o,

ho] AMSEAL & 2312, AUgE
55+10%, 271314 107158 (hr), AFZWAAF HE, 120 &%), 2%
1507300 Luxe] =35 A8t Ad7s ddese8d EFAE (Teklad
Global 18% protein rodent diet) % T 113

FEE o g3tel old FAFE AfRol HAFES Hevh AN B
=

NEEA “EYUY(Ulmus davidiana var. japonica)s= =545 71355
(ES) =54+ HEF==ERAFTANAS FE55 Fodv 48 oY FA4E=E

)l AAEA dBEFEES AR 05 1%Edste] das wEo] A4 s
[e=]

g E 2 2= DMH(,2-dimethylhydrazine, Sigma, USA)S A}-&3}% 2
o AT kgD 30mgEF o2 Citrate buffer solutionol] &35l F ikl
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1. DMH alone@ : DMH %9 ¥ 7]x2At8% F49.

2°3. DMH + ES : DMH %9 ¥ =3Fu4F&7] &2 (ES) High & Low F4.
45. DMH + ER : DMH %o ¥ =FuF¥e 32E(ER) High & Low 4.
6~7. ES&ER alone : =§44%€7] 2 ¥ F&E High¥9 (-DMH)

8.  Normal AU R

Group Treatment

1.  OMH alone
2. DM SES _
C DO )
. o Y o R
{na Sallne Salloe Sallna Soline
v
4. ES alone 3
5. BB alee 3
6. Normal 3

Animals : n = 89, 6 weeks old, male F344 rats (8.C Inc., Shizuoka, Japan)
AOM i 1,2-Dimethy lhydrazine (30 mg/kg body welght, sc Inj., 5 times for 2 weeks)
ES : Extract of Elm tree stem ER . Extract of Elm tree root

Fig. 3-5. Protocol for rat colon cacinogenesis (promotion s_tage).

3) ¥4 2 oA Aguwuig 34
olR g APEAFA F 2{1’\]{}% A * dA9 ACF(aberrant crypt
foc) A MM S sl {3 AAEAY FHA AFHY HEI EE F7Yg F
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3 FH Z dAd AdEE HA
A9 Al ED R $ 24A17HS AAAIZ & g% ACF(aberrant crypt
focD A H S flate] 7
AE F43ste] 715390, A&
st A& d(AAY A2gES Edete])e Aol B4 F EA
03705% W AEFZ NS sto] o] g4 (Total numbers of aberrant
crypt foci; ACF) 2 t&o|3A ¢} (Total numbers of aberrant crypts; AC)2
FTTE d@uA AJok(x40, x100)elA F7g ket ot W o R AZE= vt

4
CRAA AF 4E9 wE 4o §

B
g3 g o] AA kA (aberrant crypt foci of colonic mucosa/colon:ACF) 2t

J[Nv

A o] AA 9} (aberrant ctypts of colonic mucasa/colon: AC)9| mlgld ZF4+Z
Aetdar, At ztel wlaste] tfgete] A Ed 55 S
Total ACF/colon
Total ACs/colon: No. of 1-3 AC/ACF
No. of >4 AC/ACF

4) AXFHT &3

MXEZF2 5 (cell proliferation) HAAFE  fstdAA  #F 1Yo
BrdU(Sigmarh& A5 kg@d 100mgs 3 AZF ol B oz Folsiiict
gl 918 w3 WRoR A ES e §F 245 AAste] BrdUZA
(BD Biosciences, USA)¢} ABC kit(Vector Lab., USA)E WHZZA 38 A&
AAE AT FEEE wekA 9, T3, oA FE Y AFEoR Uro]l XS4
5AEBrdU L. 1)S Axratsich

5) @A AseA HA
golo BAA oEZ FUntH o] v ES Eato] HFsigdon, o=
1 15%3F dAlEdste] @S FAsdrh d8s APeA de I
S oo 3087 WA ] SuAZ TS, DA EE (1,500rpm x 10min)| A A

& A4S HAxEREA7] (Roche, INTEGRA 400, Germany)ZE o] &3} 24



stk 83 S Hate] A9 Glucose, Creatinine, Total protein, Uric acid,
BUN, Albumin, Glutamic oxaloacetic transaminase, Glutamic pyruvic
transaminase, Alkaline phosphatase, Total cholesterol, Lactate dehydrogenase,

=

Triglyceride® 57 WAt}

WA Age TPt ACE AL BY thg, 24 Agste] =
AAel e AA stepe] zojsac. sebn T 248 4mEAZ A S
A HE@AS Arste] FataAngoz Arshgivh

W3 AAE 9ISk AT WO xAEeo =R ALl FeAN o

Z17ke] AR AT

Alslar, Balo] H4A S zl= 7§ one-way analysis of variance (ANOVA)S
AAsle] freojdo] #AFEHE gz FoArt e AlETES ol fs)
o] Dunnett's t-testS A A5t}

2. A3 A%
7b AFsEs 2 F71 A
8Fzte] AgelA 7+ w3+ AT wWalel AsAAT] Wl oA
DMH Fo37]3kQl 172F el A =Fuy FEE FowolA s Atse] AT
2 3553 H(Fig. 3-6). DMH%
o] & LEUR FEES AR £t Fold RE FolA AFe] st
Aol vetyrh 1A vlate] i = Ak zelrh gl Aow i

W (Table 3-2, 3), =FUF FZEo] Eo|d gt =4S 71A 1
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Fig. 3—6. Changes of body weight.

Table 3-1. Change of food consumption ratio (g/day/rat)

Weeks
\ 1 2 3 4 5 6 7 8
Group

DMH alone 15.99+0.8 15.96+0.8 17.10+£1.2 19.12+0.5 19.73+0.7 19.68+0.8 18.89+0.8 18.61+0.8

DMH—ES
Hon(isy 47541 12.9987.1 20.10£2.0 14.8747.6 17.6646.6 17.1246.1 16.36+5.9 18.03+1.9

OMH—ES
7.19+1.56 14.68%1.3 19.88+1.4 17.681+0.9 18.23+0.8 17.91+0.8 17.81+0.8 18.03+£0.9
Low(0.5%)

OMH—ER
High(1%) 7.39+2.1 15.414+3.2 19.3730.7 17.94+1.2 18.96+0.9 19.62+1.8 17.98+1.3 17.688+1.4

DMH—ER
8.09+4.0 1421+£5.0 19.73+£1.9 16.77+5.8 17.41+6.4 17.40+6.2 16.92+6.2 16.031+6.2
Low(0.5%)
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Table 3-2. The organ weights of F344 rats with treated DMH and Uimus
deviadiana var, faponica extracts

(g)
Final Body . . Adrenal
Group . Liver Spleen  Kidney Thymus Heart Lung
Weight(g) gland
DMH
alone 304.8+12.2 8.64+0.5 0.67+£0.04 0.94+0.06 0.03+0.01 0.32+0.05 0.88+0.06 1.36+0.16
DMH—ES

) 266.5+26.9 7.77£0.7 0.62+0.16 0.88+£0.08 0.03+0.01 0.27£0.03 0.81£0.05 1.27+0.21
High(1%)

DMH—ES
283.4+12.5 7.86+£0.5 0.64+£0.05 0.91£0.06 0.02+0.01 0.2940.03 0.83+0.04 1.30%+0.14
Low(0.5%)

DMH—ER

High(1%) 284.2+14.9 8.08+0.6 0.66+0.04 0.92+0.05 0.03+0.01 0.27£0.04 0.85+0.05 0.31+0.12
0,

DMH—ER

263.7+41.5 7.42+1.3 0.59+0.17 0.88+£0.10 0.03+0.00 0.26+0.07 0.7940.13 1.294+0.08
Low(0.5%)

ES
) 277.4+11.4 7.90£0.3 0.56+0.05 0.89+0.03 0.03+0.01 0.27£0.05 0.82+0.02 1.41+0.10
High(1%)
ER
High(1%)

274.1£7.8 8.25+0.9 0.62+0.06 0.91£0.05 0.03+£0.01 0.26+0.02 0.85+£0.06 1.20+0.12

Normal 294.5+13.2 8.79+0.5 0.64+0.03 0.95+0.06 0.03+£0.01 0.294+0.04 0.85+0.05 1.32+0.10

Kidney and Adrenal grand are mean of right and left.

DMH: 1,2-dimethylhydrazine, ES: stem extract, ER: root extract



Table 3-3. The Relative organ weights (%) of F344 rats with treated DMH and
Ulmus davidiana var. japonica extracts

(%)
Final Body . . Adrenal
Group . Liver Spleen  Kidney Thymus Heart Lung
Weight (g) gland
DMH
alone 304.8412.2 2.8+£0.11 0.22+£0.01 0.31£0.01 0.01£0.0 0.11£0.01 0.29£0.02 0.45+0.04
DMH—ES

High(1%) 266.5+26.9 2.9+0.20 0.234+0.07 0.33+£0.02 0.01+0.0 0.10£0.01 0.31+0.02 0.48+0.05
0,

DMH—ES
283.4+12.5 2.7+£0.12 0.23+£0.01 0.32+0.02 0.01£0.0 0.10+£0.01 0.29+0.01 0.46+0.04
Low(0.5%)

DMH—ER
) 284.2+14.9 2.8+0.14 0.23+0.01 0.32+£0.02 0.01+£0.0 0.10+£0.01 0.304+0.01 0.46+0.04
High(1%)

DMH—ER
263.7+41.5 2.8+0.12 0.23+0.06 0.34+0.02 0.01£0.0 0.10+£0.02 0.30+£0.01 0.50£0.09
Low(0.5%)

ES
) 277.4+11.4 2.8+£0.02 0.20£0.02 0.32£0.01 0.01£0.0 0.10£0.02 0.30£0.01 0.51£0.05
High(1%)

ER

High(1%) 2741+£7.8 3.0%£0.25 0.23+0.02 0.33+0.01 0.01%£0.0 0.10£0.01 0.31£0.01 0.44+0.03
0,

Normal 294.5+13.2 2.9+0.06 0.22+£0.02 0.32+0.01 0.01£0.0 0.10£0.01 0.29+0.01 0.45+0.03

Relative organ weight(%) : Absolute organ weight / body weight x 100
DMH: 1,2-dimethylhydrazine, ES: stem extract, ER: root extract
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AAF A olAM et (ACF, aberrant crypt foci colonic mucosa in
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Table 3-4. Changes of aberrant crypt and aberrant crypt foci in rats
treated with DMH and Ulmus davidiana var. japonica exXtracts

No. of Total ACF

Treatments No. of rats S <3AC > > 4AC
DMH alone 16 4642+ 1213 .1+ 196
D%/Iﬁgh(—l’%l*gs 16 397.2+ 1729 623+ 302
DMH 25 16 9871+ 60.1%+ 368+ 14.0%+
D%/[ﬁghfl%%R 16 2140+ 493%+ 232+ 9,1k
DM 2 ER 16 2339+ 878w 192+ 11.1%#
Treatments Nr%'té)f Total ACF/colon (%)  Total AC/colon (%)
DMH alone 16 5203+ 1335 9 (100) 11911+ 3100 (100)
le\/fﬁlg{hg%gs 16 4595+ 1995 (86.8) 10322+ 443.1 (86.7)
Dllfgvlj((g%)s 16 3239+ 701 (61.2)%+ 6925+ 162.3 (58.1)%+
D%Igh(_l)%%R 16 2379+ 550 (44.8)%+* 507.8+ 1229 (42.6)%x
D%w((ﬁsV) 16 2531+ 970 (47.8)%+ 5258+ 2147 (44.1)%

#% . Significant different from those of DMH alone (p<0.01)

DMH: 1,2-dimethylhydrazine, ES: Elm stem extract, ER: Elm root extract
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1600 r » DMH alone

Q 1400 | ® DMH — ES High(1%
* DMH — ES Low(0.5%
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g
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Total ACF Total AC

Fig. 3—8. Effect of Ulmus davidiana var. japonica extracts on colonic
ACF & AC formation in
F344 rats. =+ : Significant different from those of DMH alone (p<0.01).

. BrdU EA 9] 9§t MEFAF

AMEFH BT AHL YEToY 3o YoM vl FoF AT HAA
ole, & ME F4, 2F9 AT 47 Y5 E/MEE At BrdUe
Graztere] 98] 7gE olF, 7&Ed AEHoA oW WANTFALEY
’H-thymidine® wAlsle] A&H oz o] &Hojx 1 v}, BrdU EX] g A
EFH4%9 &3 Z3 DMHA 93 F718 AEF4 o] dojd AXe 571 =
FUF €7], By FEF FA4 g3 #ad Aoz YeEE(Fig 3-9, 10).
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: DMH alone, B: DMH+UD stem, C: DMH +UD root

Fig. 3-9. Immunohistochemical staining of BrdU.

100
80 r

60

%1|III||[

Normal DMH alone DMH + ES DMH + ES DMH + ER DMH + ER  ES High(1%) ER High(1%)
High(1%) Low(0.5%) High(1%) Low(0.5%)

Fig. 3-10. Cell proliferation is expressed as BrdU labelling index.



@, A A& 38A biomarker

Table 3-5. Biochemical analysis in rats treated with DMH and UD extracts

Treatments GLU CRE TP UA BUN ALB
DMH alone 116.1+18.61 0.5+0.07 7.2+0.28 1.7£1.04 24.2+£3.00 4.9%+0.26
DMH—ES
. 101.0+17.25  0.5+0.10 7.3+£0.40 1.7+£0.98 21.3+£2.91 4.6+0.32
High(1%)
DMH—ES
100.94£29.10 0.6+0.28 7.0£0.45 1.7+£0.88 21.1£2.583 4.94+0.23
Low(0.5%)
DMH—ER
. 100.6+20.70  0.7+0.49 6.9+0.28 1.5+0.80 20.8+2.21 4.840.43
High(1%)
DMH—ER
112.5+27.71 0.6+0.33 6.6+0.70 1.5+0.68 22.2+3.98 4.7%+0.47
Low(0.5%)
ES High(1%) 115.0+32.53  0.5+0.00 6.9+0.07 1.1+£0.35 21.5+2.62 4.7+0.00
ER High(1%) 127.0+13.89  0.9+0.64 6.8+0.50 0.9£0.15 19.4+2.29 4.7+0.75
Normal 141.0+26.87 1.8+0.64 6.6+0.21 0.8+£0.07 20.7%+1.91 4.7+0.00

(Continued)



Treatments GOT GPT ALP T-CHO LDH TG
+
DMH alone 117.3+28.43 58.3+£8.83 331.1+34.25 70.0+6.9%4 ?22227_ 110.2+£36.61
DMH—ES 4217 .8+
+ + + + +
High(1%) 148.8+91.45 62.9+17.37 342.0£57.06 80.4+12.12 1588 71 77.7+7.82
DMH—ES 2646.7 +
+ + + + +
Low(0.5%) 105.7+£19.33 56.1+£9.46 311.3+35.82 75.7+10.38 757 15 70.3+18.78
DMH—ER 2822 .5+
+ + + + +
High(1%) 112.0£25.17 57.9+£11.90 330.0+£30.69 82.6+9.73 1115 44 81.0+25.31
DMH—ER 2376.0+
+ + + + +
Low(0.5%) 103.6+18.22 54.7+6.84 294.1+35.03 79.3+12.35 96461 51.4+20.24
. 2485.0+
ES High(1%) 89.0+5.66 51.5+0.71 330.5+41.72 84.0+2.83 1393.00 51.0+14.14
. 1740.0+
ER High(1%) 106.0+15.62 56.7+14.19 287.0+6.56 85.3+15.63 122 88 38.0+12.49
840.0+
Normal 71.5+16.26 32.5+13.44 265.5+3.54 79.0+14.14 90510 57.5+9.19
Glucose(GLU), Creatinine(CRE), Total protein(TP), Uric acid(UA), BUN,
Albumin(ALB), Glutamic oxaloacetic transaminase(GOT), Glutamic pyruvic
transaminase(GPT), Alkaline phosphatase(ALP), Total cholesterol(T-CHO),

Lactate dehydrogenase(LDH), Triglyceride(TQG)
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Group Treatment ?(2"’ 3 13 'wk

1. Normal

. Basal Diet

2. Bra]P Alone , g?g,atmat

3.4. BlaP - €R

Animals : New born mice (A/J, Korea)
BlelP : Benzolalpyrene (0.5 mg/heads in 0.02 ml olive all , single inj. SC. In 24 hours)
ER : Extract of Elm tres root

Fig. 3—11 Protocol for rat lung carcinogenesis.

4) 23 2 HAF (lung adenoma)?] #F

FZAA 3 AR, ARE HEEq A ARTFE FUsz, A ANT

Q& A3t ol Ed nATALH, UnA F7le 10% FAHALTEE=LA
28

HAEE AAAVEE B39 B3I, HY FAE A R AFE 3

A

5) TAEH

Zrzte] APA el Wl e FIAFE w7 A Levene's testE HA

3la, BAko) FAALE 2t A9 one-way analysis of variance (ANOVA)E 44|
3t FolAdo] B =T YA U AEEE dotlr] Ao
Dunnett's t-test® A3 %ot
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Fig. 3-12. Changes of body weight.
DMH: 1,2-dimethylhydrazine, ES: stem extract, ER: root extract
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Fig. 3-13. Changes of body weight.
DMH: 1,2-dimethylhydrazine, ES: stem extract, ER: root extract



Table 3-6. The feed consumption (g) of A/] mice treated with DMH and
Ulmus davidiana var. japonica extracts

Male

Week 4 5 6 7 8 9 10 11 12 13

Group
2.85+ 3.33% 3.46% 3.65% 3.56% 3.58% 3.57% 3.63%+ 3.57+ 3.48%
BaP alone
0.33 0.14 0.18 0.24 0.16 0.27 0.27 0.21 0.06 0.29
3.32% 3.23% 3.26% 3.52+ 3.35% 3.31% 3.32+ 3.28%+ 4.04+ 3.13%
BaP + ER 1%

041 031 0.11 0.34 0.34 0.09 0.38 0.14 1.76 0.09
BaP+ ER  3.15% 3.50% 3.38% 3.46+ 3.32+ 3.39+ 3.39+ 3.26+% 3.39% 3.27%

0.5% 0.50 0.35 0.33 0.28 0.28 0.21 0.28 0.14 045 0.04
ER 1% 3.26 3.56 3.66 295 334 337 3.33 3.39 3.66 3.65

Normal 3.40 3.75 4.00 3.81 3.80 4.13 3.94 3.84 4.21 3.67

Female
Week 4 5 6 7 8 9 10 11 12 13
Group
3.16% 2.92+ 3.30+ 3.61+ 3.36+ 3.51+ 3.57+ 3.50+ 4.12+ 3.45+
BaP alone

1.01 033 043 0.29 0.26 0.32 031 0.16 1.35 0.36
3.02+ 3.12+ 3.14% 3.22+ 3.19+ 3.22+ 3.21+ 3.06% 3.50% 3.35%

BaP + ER 1%
0.46 0.18 0.22 0.22 0.30 0.29 0.34 0.18 0.38 0.65
BaP + ER  2.95+ 3.11% 3.20% 3.13% 3.22+ 3.27+ 3.17+ 3.17% 3.23% 3.32=%

0.5% 0.57 0.30 0.31 0.21 0.45 044 0.36 0.33 0.37 0.21
ER 1% 3.63 3.70 3.69 3.13 3.38 3.30 3.44 3.12 4.11 3.32

DMH: 1,2-dimethylhydrazine, ES: stem extract, ER: root extract



Table 3-7. The relative organ weights (%) of A/] mice
Ulmus davidiana var. japonica extracts

Male

treated with DMH and

Treatments

Final body
weight

Liver

Spleen

Lungs

Kidneys

left

right

BaP alone
BaP + ER
1%
BaP + ER
0.5%

ER 1%

Normal

28.111£4.90

24.18+2.96

23.90+1.65

21.93+£1.79

31.31£1.43

3.44%+0.24

3.49%+0.42

3.47+0.16

3.41+0.17

3.40%+0.24

0.27x0.07

0.31£0.17

0.26x0.05

0.23£0.04

0.26x0.02

0.64£0.12

0.66x0.08

0.66x0.07

0.75x0.03

0.58%0.02

0.51£0.07

0.57%+0.07

0.57%+0.07

0.69%0.06

0.59+£0.05

0.51£0.08

0.57%£0.05

0.58x0.06

0.68%£0.04

0.56£0.03

Female

Treatments

Final body
weight

Liver

Spleen

Lungs

Kidneys

left

right

BaP alone
BaP + ER
1%
BaP + ER
0.5%

ER 1%

Normal

24.55%2.58

24.12+2.84

19.98+2.24

22.14+1.88

26.00t£2.74

3.36+0.24

3.21+0.44

3.54%0.79

4.761£2.18

3.56+0.13

0.30£0.09

0.28%0.11

0.28+0.04

0.54£0.54

0.40x0.24

0.66x0.10

0.60£0.09

0.71£0.08

0.76x0.08

0.64£0.04

0.45x0.04

0.50£0.09

0.56x0.07

0.60x0.05

0.53£0.03

0.46x0.03

0.51£0.10

0.57£0.10

0.63%£0.06

0.52+0.01

DMH: 1,2-dimethylhydrazine, ES: stem extract, ER: root extract



Lung tumor of mice (male)
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Fig. 3-14. Effects of Ulmus davidiana var. japonica extracts
on lung tumor induced by B(a)P in A/J Mice.

% : Significant different from those of B(a)P alone (p<0.05)

DMH: 1,2-dimethylhydrazine, ES: stem extract, ER: root extract



Lung tumor of mice (female)

100 r
0 O BaP alone
80 | mBaP +ER 1%
70 OBaP + ER 0.5%

Number of tumor

<0.5 0.5 0.50.75 0.751 1< total No.
Size of tumor (mm)

Fig. 3-15. Effects of Ulmus davidiana var. japonica exXtracts on lung
tumor induced by B(a)P in A/J Mice.

+ . Significant different from those of B(a)P alone (p<0.05)

DMH: 1,2-dimethylhydrazine, ES: stem extract, ER: root extract



Fig. 3-16. B(a)P alone (male)

Fig. 3-18. B@)P + root extract 1% (male)
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Fig. 3-19. B(a)P alone (female)

Fig. 3-21. B(a)P + root extract 1% (female)
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o. 284 84 5A
1) DPPH Free radical ~2A% &4
DPPH free radical &7 % 2 Blois(18)2] W ol oste] =AsAt. &,
A4g w2 MY 7 AZ 02 w3 4x10° Mo DPPH (1,1-Diphenyl-2-
PicrylhydrazyD)-§<} 0.8 ml& #H7}st & A2oA] 1583 WAs F, 525 nmol

A FREE SASA

2) Acetylcholinesterase A &4

oL
o
olo
oo
_O‘L
2

Acetylcholinesterase(Achase) A 3&4 2 Geroge L. Ellman
A3t ZNARAE acetylthiocholine iodideZ AHE-3F a1
dithiobisnitrobenzoic acid (DTNB)ell ¢J& A& 412 nmolA 5&7Fe] F3 %=
HstE SAste] ZAgHAEE A=l oY 3 2484 == controld gt

Fa84 AR MEL00Z JERIRAT.

2. 484 %
7F B8 g% &4 2 Flavonoid pattern
1 1x &3
7 3akztaAd 9 Acetylcholinesterase 9 A &4
EUT B 80% A EE FEEEZFE TAEgd gste] Aozl F

g& 3 5g& CHClyMeOH/H0=9/1/1, 8/2/1, 7/3/1, 6/4/1, 5/5/1¢] H| &= F
Z3 9 FEe o oA B EEC o Faks gaevs BFEr] 96
DPPH radical 24 &4& ##3 Z3= Table 4-19 2rh 7 #3849 radical
2GRS QA= S0 S7HEFE FobdA "l A 6/4/1, 5/5/1¢] &% (Fre.
4, 5ol A FA o] FolE HFET F AT T FEhE Fo H7HA B E
3t acetylcholinesterase &} A &4 S ##3k A3 (Table 4-2), DPPH radical 4
s AR 540 S7HEFE oA vlaA 6/4/1, 5/5/1¢ & (Fre.

4, 5)ll A & o] wobxl& #Ed = A



Table 4-1. Effects of 5 fraction of n-butanol fractions from Ulmus daviadiana

var, japonica on DPPH radical scavenging activities

Inhibition activity (%)

Frac.
1 ug 5 ug 10 ug 50 ug 100 ug
BuOH 2.5 28.8 30.1 58.5 85.9
1 (9/1/1) 7.8 7.2 5.6 8.6 13.3
2 (8/2/1) 2.2 -1.4 0.3 9.9 19.6
3 (71311) 2.2 -0.7 0.9 12.8 26.0
4 (6/4/1) 0.0 11.5 24.7 79.6 87.8
5 (5/5/1) -0.8 8.8 20.3 63.6 89.6
W'\g‘:gi:jg -1.8 2.8 2.6 -0.3 -0.7

Table 4-2. Effects of 5 pools of n—butanol fractions from Ulmus daviadiana var,

japonica on acetylcholinesterase inhibitory activities.

Frac. AChE inhibition (%)
BuOH 53.2
1(9/1/1) 5.6
2 (8/2/1) 11.0
3 (7/3/1) 211
4 (6/4/1) 30.8
5 (5/5/1) 37.9

MeOH washing 18.6




1}) Flavonoids profile

12 2o 93leg dojd B9 FFHUE flavonoid patterns
#23t A3 (Fig. 4-1, 2) =T FE& YEdE 7820 53 2L simple
flavonoids §°] ®e] #fH US & & UNUTh oJEF FEE FLZRE
538 57X JEEY profiled ¥4 & dn, B F7F9 simple flavonoids
0] Frc. 49) FH AH & 5 UUTh FHH 22 14 CHClyMeOH/H0
o oste F&E =FUF R FeE& HE E F 6/4/19 v &2 F5E
Frc. 4°] B2 st A8 2 FEAQEEC] o5 e Ao @asEi

Lind e I

Fig. 4-1-1. Typical HPLC profile for polyphenols. Number show the following
standard chemicals: 1, gallic acid; 2, protocatecuic acid; 3, chlorogenis acid; 4, caffeic
acid; 5, catechin 6, p~coumaric acid; 7, puerarin 8, daidzein 9, equol 10, naringenin 11,
formononetin 12, quercetin 13, kaempferol 14, glycirrihizin 15, apigenin 16,
isoliquritigenin 17, flavone 18, chrysin 19, biochanin A; 20, glabridin
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Fig. 4-1-2. Flavonoids profile in 5 fraction n-butanol fractions from Ulmus

daviadiana var, japonica
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2) 2z 29
7h) EAo Ry

12 FE2FE FaAdEES oldo] #<d¥ CHCly/MeOH/H0=6/4/1
o] v &2 FZE39 Frc. 49 W3le] ethylacetate/hexane=1:25 o] Ao 2 3}of 2
2} &S AANEGY. 3% F=AL fraction collector® o] 83l B9 60%E

A Hste] F 130709 fraction® dlem, Ao fractionol A o] s At}

e NS A8 TLCMerk, 602 FEAES #75 511 2

e

2 pattern7] 2] ‘5] fractionationd} ¥ th. 5, fractionation 2%}, % 1307l (No.
1~130)9] fractiong F sl T2 o] & 7719 sub-fraction (Frc. 4-1~7)<&
AAtk. & Nod~12(frc. 4-1 51.5mg), 31~33(frc. 4-2, 2.9mg), 34~38(frc. 4-3,
5.4gm), 39~46(frc. 4-4, 11.9mg), 47~63(frc. 4-5, 16.8mg), 64~68(frc. 4-6,
5.3mg), 69~130(frc. 4-7, 33.0mg)} #Z<2 sub fractions FA =Y, ol F 31~
33(frc. 4-2, 29mg), 34~38(frc. 4-3, 5.4gm), 39~46(frc. 4-4, 11.9mg)2] 371 ¢
fraction &< 3419 fraction® 2 3} fre. 4-42 WA 2 (Fig. 4-2). 54
RELe 3R sub-fractiono] a4 TLCE 2<Q ¥ A= Fig. 4-3-2 3 2
.

1A FYEFY FEAAEEY oldo] gel¥l CHCly/MeOH/H0=6/4/1°]
H &2 %9 Fre. 4°] t38lo] ethylacetate/hexane=1:252 o|E Ao 2 3o 23}
FE& HAA% F 5% sub-fractiono] wsled DPPH % ABTS radical
scavenging activityZS <189 tH(Fig. 4-4, 5). 23t A3} Fre. 4-1 & & A
radical scavenging activityZ} 7} =o} dakst &do] njwd 7y 9535 A

o2 uERstiT



L ELI2 BUOH fre. 5g

Silicagel column i CHCI3/MeOH /water (6:4:1)

Fre.4 3.5g

Frc.4 0.5¢g

Silicagel column l EA/Hex (1:2)

1307 fraction @53} TLC A

N. 4-12  Frc4-1 (51.5 mg)

N.31-33  Frc4-2 (2.9 mg)

N.34-38 Frc4-3 (5.4 mg) Frc4-4
N.39-46 Frc4-4 (11.9 mg)

N.47-63 Frc4-5 (16.8 mg)

N.64-68 Frcd-6 (5.3 mg)

N.69-130 Frc4-7 (33.0mg)

Frc4 MW (95.8 mg)

Fig. 4-2. Flow sheet for fractionation of Ulmus daviadiana var, japonica
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Fig. 4-3-1. Thin-layer chromatogram on silica gel of n-buthanol fraction

from Ulmus daviadiana var, japonica 80% ethanol extracts.
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Fig. 4-3-2. Thin-layer chromatogram on silica gel of n-buthanol fraction

from Ulmus daviadiana var, japonica 30% ethanol extracts.
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Fig. 4-4. Effects of sub—fractions of n—butanol fractions from Ulmus daviadiana

var, japonica on DPPH radical scavenging activities
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Fig. 4-5. Effects of sub-fractions of n-butanol fractions from Ulmus daviadiana

var, japonica on ABTS radical scavenging activities
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8% fre. F4-19] F&25AHE #3Fe NMR, Mass, IRS 7439 NMR
L. CDs0OD9 ¢ A2 500 MHz FT-NMR Spectrometer (Varian co.)® =
gstgl o 'H-NMR®] 6.7-7.2 ppm Atelol A sid@e] 91X& 47]9] F45 &
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Frc.4-1 + catechin
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Fig4—6. Chromatogram of HPLC of Frc.4-1
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Figd—10. IR spectra of compound Frc. 4—1
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R: single bond carbon chain (n=10)

Fig. 4-11. Chemical structure of compound Frc. 4-1
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| Umus davidiana |

| 80% Ethanol extract |

| Hexane fraction || Residue |
| Chloroform fraction || Residue |
| Ethylacetate fraction | | Residue |

| Butanol fraction || Water fraction |

Fig. 5-1. Preparation of 80% Ethanol extract and fractions from leaf, stem

and root of Ulmus davidiana.

Ni
flo

FA ot

anhydrous sodium carbonate 25 g, sodium tartrate 25 g, sodium hydrogen

AN

. Age

ol

g B4& Somogyi-Nelson§ & WE3dto] =4

d

carbonate 20 g, anhydrous sodium sulfate 200 g& Y] 1 L2 A &3, B&
HE  cupric sulfate 30gS 4929 conc-H.SO.ZE #H7lsle] /4 200 meo] &
492 ammonium molybdate 25 g& conc-H:SO4 21 mS ¥3H3l=
50 méell galdt & o 7]d sodium biasenate 3 g2 EFF 25 mlo] &
AL 7peta A#E 500 mE AEdke] 37TolA 16417 WA sto] ALg
stk D& Ag 25 M BEY 1 ms TY EFete] A&

AR 1 g e FE25 Imld SF4E ¥9 200 M2 FE3Fo] 200 rpmell A 2

!

15}
ke
AlZE wRkek %0 o] F 50 meRbs FHskdoh @A S A At ekl 10% lead

o
ol

)

19

s M
(@]



acetate bml2} 3.2% sodium oxalate 5 mE Y] filter paper No. 2 (Whatman,
England) & o] %3ttt ozt 1 meo]l DY 1 mlS 7}ske] 100T oA 208-3F
e & CHS 1 ml F7beta 10 M2 A Eshe] 2083 WX 3o 520 mmol A

A2 milipore filter (045 iz 33 T BAARR ALESATH
Carbohydrate column (Waters, U.S.A)S ©]&3}¢] RI detecter® =43}% a1, o]

B0 2 acetonitrile : water (83 :17)E 1 ml/mine 2 E#HFAU. Fold A=

o
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sghato] Abgateltt,

ro

vt EdtR ot ¥ ZYds FF 74
%  ZY¥eE g2 Folin-Denis Wo=z  EA3A

(+)-cateching Al&3l ot F ZelH o= EA LS A7

glycol 1 mtS X7bste] Tdgst & IN NaOH 100 wlE 37

A A8 420 mol A FHEE S48 4%, ¥ =42 naringin®

43 A3= Table 5-13% 2t dge FE29 &

ML
lo,
Sy
o
o
s
2 A
EN)
X
]
3
[l
i
s
o
=
i)
o
[m
o
M
&
)
o3
"
flo



A vebson QoA dak Fito] 237%E w W 7] A= d4k FF

of 7H ugta BYdAME SRE ¥F fEo] Wg w2 FES Ho FEE

Table 5-1. The Yields of solvent factions from 80% ethanol extract’'s leaf,

stem and root of Ulmus davidiana.

Fractions leaf stem root
Etanol ex. 11.8 16.5 27.3
Hexane 23.7 2.6 15.7
Chloroform 11.8 16.5 27.3
Ethylacetate 6.8 74 7.2
Butanol 29.0 389 29.6
Water 28.7 34.6 20.2

Table 5-2 Color of leaf, stem and root of Ulmus davidiana.

L a b
Leaf 54.20 -2.97 23.36
Stem 58.78 6.98 23.76

Root 53.32 6.69 14.81




Table 5-3. The proximate compositionl in leaf, stem and roots from Ulmus

davidiana
leaf stem root
Moisture (%) 8.74 = 0.11 8.32 £ 0.24 8.38 = 0.19
Ash (%) 13.87 + 0.05 6.41 + 0.01 712 £ 0.03
Fat (%) 458 = 0.07 0.38 = 0.00 0.38 = 0.02
Protein % 13.15 + 0.13 2.97 £ 0.00 520 £ 0.10
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Table 5-4. Content of reducing sugars

mg/ sample g mg/ 80% ethanol extracts g
Leaf Stem Root Leaf Stem Root
A9 33.2 77 3.8 271.0 388 261.1




Table 5-5. Content of free sugars.

mg/ sample g mg/ 80% ethanol extracts g
Leaf Stem Root Leaf Stem Root
glucose 4.88 1.68 12.4 161 66 201
fructose 3.6 1.22 8.34 115 65 146
sucrose - - 2.58 - 43 41

A tHTable 5-6). & Z@#=9 &S F43 23, =FuF o A8 4
t

S 9, 27 2L el ghE F Bedme Fwe 474

o 80% olee FEEol e T ZHdsS A7 1426, 930 2 16.20
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Table 5-6. Contents of total flavonoid and polyphenol

mg/ sample g mg/ 80% ethanol extracts g
Leaf Stem Root Leaf Stem Root
= Z9d s 7.59 858 5.28 82.27 460.21  370.63

=
T EgH o= 3.37 1.25 0.71 14.26 9.30 16.20




=Ry s HoldRE A7 ol&ste] vk sk 150 m AE ]

gote] #AH ST 05~25%2] =F £84 Holdwel AYAEEHE

A=A (Hakke viscometer VT 550)2] ¥ 33 338 (cone and plate geometry)$!
PK 5-1(Zt%= 1°, A7 5 cm, zero gap : 0 )< o] &3l =4t =A%x4A
og7E AYEE(ME 0~1000 s ', 2H2%E 10, 20 222 30Colgth 28x

o

4F° A4 7FAa e E&(Sigma Co., USA)Sl Pectin(P8471), Gum
guar(G4129), Gum xanthan(G1253), 2] i Carrageenan(C1013)E& ©o]&3}o] 2
0Cel A ATE%(T) 0~1000 s '] M= =43t

=5 T84 HodRYd AN FEEAHL  Power-law  model(1)7}
Herschel-Bulkley model(2)& ©]&3le] Hz2TA 7 F5ATE 0o

Herschel-Bulkley model® 3&#Z F3}9]t}.

T=K-T 1)
T = C + K . Tn (2)
1 A2 (shear stress, Pa)

_i:
2
ay)
b

% (shear rate, s)
K : #Z% A4 (consistency coefficient, Pa -+ S")
[e)

n : 8544 (flow behaviour index, dimensionless)

C: E= (Yield stress, Pa)
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Mapp = Mo * exp(E/RT) (3)
Mapp = T * €xp(B - A) (4)
Napp - AR 7] E (apparent viscosity, Pa - s)

Shd B 7] A = (infinite apparent viscosity, Pa - s)

-

Moo
Ea : % &4 3}lol A (activation energy of flow, J/kg - mol)
R : 71444 (gas constsnt, J/kg - mol - K)

T : A== (absolute temperature, K)
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B

off

=o&A A4 (concentration dependency  constant,

dimensionless)
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Fig. 5-1. Changes in apparent viscosity on concentration of standard

gums and U-SF from U. davidiana var. at 800 s! and 20C

O : U-SF from U davidiana var., B 'gum guar, A . gum xanthan, O :

pectin, € : carageenan
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Fig. 5-2. Effect of concentration on flow behavior of U-SF from U.
davidiana var. at 20C. OJ : 25%, @ : 2.0%, A : 1.5%, A : 1.0%, < :
0.5%

m

Power law®} Herschel-Bulkley modeldl] 28417 FEEAHS %
Table 5-73 Zt} w&9 ZERHNA =& AABAAE YeEHo] 919 model
of Z AHgwolHt}l Power law model® -3 F=7} S/} E

grtzgel ket exel Watd el eEst FAAS

Zaste Ao w Uehygth KE 3.23~49.39 (x10°mPa - s" % F27} 71845
S7leta 227t S71E S 7F4skith. Herschel-Bulkley modelel 23k Ce=
2

201~9262 (x10'mPa)2 F=7k $7h24% Frhsta 2Ev S7hReE 3

At 25 % =5 F8A ol dHe =2 CY #S 74 Bingham pseudoplasic
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Table 5-7. Rheological parameters of U-SF from U. davidiana var.

Conc. Temp. Power law Herschel-Bulkley

(%) (C) n KX10°mPas) r* Y n  K(x10°mPas® r® C(x10°mPa)
10 0.42 7.62 0.99 0.64 1.21 0.99 3.57

0.5 20 0.46 5.26 0.98 0.67 0.95 0.97 2.88
30 0.52 3.23 0.98 0.68 0.88 0.99 2.01
10 0.36 7.97 0.99 0.62 2.20 0.99 7.20

1.0 20 0.43 10.67 0.98 0.65 1.71 0.95 5.31
30 0.52 5.39 0.98 0.69 1.35 0.98 3.43
10 0.34 25.53 0.99 0.61 2.63 0.99 9.66

1.5 20 0.42 13.19 0.99 0.64 2.32 0.99 6.40
30 049 7.76 0.98 0.81 5.88 0.99 6.55
10 0.34 30.84 0.98 0.62 2.92 0.98 11.63

2.0 20  0.48 12.17 0.99 0.67 2.34 0.99 6.83
30 0.55 6.63 0.99 0.69 2.05 0.99 4.34
10 0.32 49.39 0.98 0.62 3.20 0.96 14.82

2.5 20 0.43 17.92 0.99 0.67 2.60 0.95 92.62
30 0.51 9.72 0.99 0.68 2.42 0.97 59.60

1 . ..
' correlation coefficient
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Table 5-8. Effect of temperature on apparent viscosity of U-SF from

U. davidiana var. at 800 s

Conc. (%) Temp. (C) napp(mPa-s) Ea(x10% J/molkg) ne(mPa-s)

2
r

0.5

1.0

1.5

2.0

2.5

10
20
30
10
20
30
10
20
30
10
20
30
10
20
30

15.10
14.13
13.51
25.01
23.75
21.25
33.03
28.75
27.04
38.00
33.74
31.02
44.61
40.03
36.25

3.76

5.77

7.06

7.27

7.39

3.03

2.18

1.54

1.72

1.92

0.99

0.95

0.96

0.93

0.92

1

correlation coefficient
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U. davidiana var. at 800 s. & @ 10C, W : 20C, A : 30C,

Table 5-9. Effect of concentration on apparent viscosity of U-SF from

U. davidiana var. at 800 s™

Temp. (C) Conc. (%) B lo(mPa - s) r
10 05~25 0.52 13.22 0.94
20 05~25 0.49 12.99 0.92
30 05~25 047 11.94 0.95

1 . -
) correlation coefficient
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e Slstel LEUTRE Aoldf(RPE 15%)F H7bste] Awe Azl

. 2o Az

A Az wigele v 2o Wb &
75%, °|2=E 3.0%E F7ietion, Aol A& oA sE Al dHFFE
Aol A skl Abget i, AWAEAl HUFE =E5uUS FEES 10% WUt
ST

WrtE L B g S Kitchen Aid Mixer (Kitchen Aid Inc. Model K5ss, St,
Joseph, Michigan, USA)o| A ¢F 30%3F $#3| mix3te] doughs AUtk Lo
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Table 5-10. The character of bread with soluble dietary fiber(U-SF) of

Ulmus deviadiana var, japonica.

control U-SF

Expansion ratio of dough (%) 185 168
Loaf wt. (g) 558.4 561.9

Baking loss ratio (%) 155 14.8
Loaf vol.(cm”) 1540 1492
Specific vol. (cm%/g) 2.34 2.31

ol

hE= cgue)

Ty

EE SR

0

Fig. 5-6. Bread with U-SF of Ulmus deviadiana var, japonica.



Table 5-11°] Alw9] crust®} crumbol Whdt Mz =A A= Jehgdch 2l o]
A H7bel w2 Ao Aozt Ao, cruste] A
mel Lgko] stolx o, whdol a gho] EolX = Aoz Yey Holdf FE55

of H7b7b Aol M-S ofwAl sk APl des & F UMY E, crumb]

Table 5-11. Color value of baked bread with U-SF of Ulmus deviadiana var,

Jjaponica.
control U-SF
Crust
L 58.91+2.11 47.82+3.17
a 11.5+1.58 15.66+0.63
b 30.72£1.50 25.75+1.88
Crumb
L 75.67£0.15 67.28+1.27
a -1.69£0.09 -0.54+£0.08
b 14.77+0.44 14.54+0.81
EUSF 84 HoldR b mE Ao A7 A ATE Table 5-129]
e S



Table 5-12. Texture profile analysis of baked bread with U-SF of Ulmus

deviadiana var, japonica.

control U-SF
Springness 0.88™ 0.84
Gumminess 396.68™ 401.51
Cohesiveness 0.47™ 0.47
Hardness 836.7™ 852.1
Chewiness 354.16™ 352.62
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Table 5-13. Sensory evaluation score of baked bread with U-SF of Ulmus

deviadiana var, japonica.

control U-SF

Appearance 6.28° 5.75"
Color 6.25" 6.78"
Flavor 5.63 5.55
Taste 6.13 6.25
Texture 5.63 5.50

Overall acceptability 6.75 6.25
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A g 9.0 9.0 9.0 9.0 9.0 9.0
Tk 0.07 0.07 0.07 0.07 0.07 0.07
ERinE 79 77 78 79 77 75

F(FAkAe) - 100.0 100.0 100.0 100.0 100.0 100.0

3) 34k wi &t

F 3207 ol gjsle] SRE AxF T ASAAS AU B HAL
W AEFEEFAE 03% HbEAS W, FEEY FEE 5%=2 Thste Htst
% atkA] WE sto] A A X3tk F. 02%9 #xEFHAe] HILR
ZE9 TEE %R TVHIAALE #HEAH A7t gller g DO wigH =
g3ttt

T A B C D

F= 3 3 5 5)
HxFE 0.2 0.3 0.2 0.3
T 7] AbE =5l 2.0 2.0 2.0 2.0
5 = 5.0 5.0 5.0 5.0
A S5 5.0 5.0 5.0 5.0
a5 9.0 9.0 9.0 9.0
T ARt 0.07 0.07 0.07 0.07
ST 75.8 75.7 75.8 75.7

F(T-AAEA 9]) 100.0 100.0 100.0 100.0




ML

5|

i

33k WA A g

5-173} %ol

A Bk A

=
=

A}

22

g wigHls Cok D

&

A

KeX
=

ZFE e, =
15 &

3

i

o5

7k o] De]

b o,

15% 2 ZA3

i

3
=]

o

3

s =
=% o= ¥

|

= H

o

g

B
_ZTd
N

0.3

0.3
2.0
5.0
5.0

0.3
2.0
5.0
5.0

0.3

i
il
N
o

NA

2.0
5.0

2.0
5.0

i

A

TR

o

i
i

5.0

5.0

15

10

0.07
5.7

0.07 0.07
6.7

67.7

0.07
2.7

i
No

100.0

100.0

100.0

100.0

FAth pHe =4

BEAAE AT

23 ¥

I

2 a4 % v C

*

J

i

2}

/ﬂ.—

gl

Eis M

7Y

=
=

1.
=4

el

—
1o



A5 walon dAz 028 WA 497 25 @A wA e
o

T

FE 5 5 5 g
FESE D 0.3 0.3 0.3 0.3
T A5 2.0 2.0 2.0 2.0
5= 5.0 5.0 5.0 5.0
RS 5.0 5.0 5.0 5.0

i Ao) 5 5 5 5
ey 15 15 15 15
Hl e C 0.2 0.2 0.2 0.2
1Ak 0.1 0.2 0.3 0.4
=T 5.7 7.7 2.7 5.7

F(FAARA 9]) 100.0 100.0 100.0 100.0
p 4.28 3.21 2.92 2.14




29 A gy 4%

o
=]

=1

s

A

5.0 (0.75g)

o
_ZTH_
-

0.3

T
N
N
N

A

2.0

o

i

4%

5.0

T

A
i

5.0

B
_ZTI

1.5
0.2

o
R
ﬂ

C

H e}

0.2

<

0.1

0.05
0.05
0.003

o

o

ol

-

5.7

<
il

3.21

pH
3 %= (Brix)

17.0




T

0

@
S0 00 0
£ ono oo ona,g
S S o BB 16+ S = 5
g
e A
o Gl ~ Ll
e _
Ho A do W i s
X o X Hodo o % AR .
" NS R N = I S < P S )
T N N TR HEY T Ne &
i ]
ojp al
|
By Ew% =
_x—.E Lﬁ_él
_zT
Al
+
o
J






TdE ok Y 7oA =

2=

~ *o
KO R 3S .
ol T %z.%% e
7 G 5 e CUCY
| 53 | mpf | ETel Erit
= o 2o M 9 A I
+ T L G T O o W TrREhw
14 N 9 7 A R
T % pET P 7
o T T ° )
g - o X0 | ®
el S T T B o "o S B ORI
P Iy i 2% = B T A
S o Py e
3 s X ﬂ ﬂmU WU TR TR T 7 lnp Tl
sdeyl BEe | BRSh iShss| hens
oETE S§S8SESK| 8§88 =
«
H mmu -
m_m.u T - il MH
) £y %
o 3 I 3 9 = i e
% T w LR it ° 4
i s Jijo
o
) ook o oo | T -
D © g T oy | M E S -
ﬁo . ;Onﬁ e JOJI o 1| = .w dl —
100 o ~ Nlo Nd fof G ﬁﬂu - h
. mo A Mo S o C = S 2 il
~ J-y\f_|I _4.1 PEN T
~ o o < - @Rl i o =
5 ur wper T S E | g mﬁ Pap e | AT
a x o\ T o O %LMOMQ@ T3
s M R a X 0 —_ o o PH
TEz | b erdrT | TLEW
B I | HEkRr zeews G w7
- s @ TAT | wmew o E | R
oo o T "M
. - OO0OO0OO0OO0O | O00O0O
W oo ~ —
" ™ g 2 £5 5
S w8 bt zo
a




A5 ATNE Ao GEAY

1. a7 %A}
B oATIAE FH FaARERAt 60 HeuHs 39 wEE Fi,
Adstn 1Re) 55 F9ske] ) ¢de Fusglon 239 A% 4

o Mgt 1 AAT WE2 vsd 2

7t &g ed R
1) Ulmus davidiana var, japonica ameliorate the Scopolamine -Induced
Amnesia in Mice International symposium and Annual meeting of the Korean

society of food science and nutrition. p495. 2005

2) Effects of Soluble Dietary Fiber isolated from Ulmus davidiana var,
japonica on Lipid metabolism in Cholesterol-Fed Rats. KoSFoST Annual
meeting. p203. 2005

3) Protective effect of Ultimus devidiana var, japonica ethylacetate fractions on
oxidative PC 12 cell death. The korean society of food science and nutrition.
Annual Meeting and International Symposium p460. 2004

4) =5 Y- (Ulmus davidiana)®] @4bst a3 g2 % 348k38] #) 714 st of 3
p270. 2004

rot

5) Cell proliferation and cancer chemopreventive effect by Ulmus davidiana
var. japonica Nakal Extracts in human colon cancer cells”, ORGANIZING
COMMITTEE OF 2ND APOCP, 2ND APOCP GENERAL ASSEMBLY
CONCERENCE, 2004



6) Chemopreventive effect of extract of Ulmus davidiana car. japonica on rat
colon carcinogenesis induced by 1,2-dimethylhydrazine”, ta+=<]38t3], #1492}

i gha=o] 8k FA skl 3], 2005

2) Ulmus davidiana car. japonica ameliorate the scopolamine induced amnesia

in mice. Biogerontology, il

3) Chemopreventive effects of extracts of elm tree root on colonic aberrant

crypt foci induced by 1,2-dimethylhydrazine in F344 rats,Cancer Letters5il%s

frat A7A

pud

r
gl
i
-
o
)y
i
o
o
b

w3 g 7Y a8 =48



Al

Al 67 Fa

kil

Adams JM. Cory S. The Bcl-2 protein family: arbiters of cell survival
Science 281(5381): 1322-1326 (1998).

Ahn CB, Im CW, Kim CH, Youn HM, Jang K], Song CH, Choi YH.
Apoptotic cell death by melittin through induction of bax and activation of

caspase protease in human lung carcinoma cells. J Kor Acupuncture
Moxibustion Soc 21(2): 41-55 (2004).

Bae YS, Kim JK. Extractives of the bark of ash and elm as medical
hardwood tree species. Mokjae Konghak 28: 62-69. (2000).

Brenan M. Parish CR. Automated fluorimetric assay for T cell cytotoxity. J
Immunol Methods 112: 121-131 (1988).

Chang HY. Yang X. Proteases for cell suicide: Functions and regulations of
caspases. Microbiol Mol Biol Rev 64: 821-846 (2000).

Cho SK, Lee SG, Kim C]J. Anti-inflammatory and analgesic activities of
water extract of root bark of Ulmus parvifolia. Kor J Pharmacogn 27(3):
274-281 (1996).

Choi JK. Long life with Korean herbal medicine. Taeil Publications p
414-417 (1997).

Choi OS, Kim WY. Effects of curcumin on apoptosis in SW 480 human colon
cancer cell line. Korean J Nutr 37(1): 31-37 (2004).

Choi WH, Oh YS, Ahn JW, Kim SR, Ha TY. Antioxidative and Protective
Effects of Ulmus davidiana var. japonica Extracts on Glutamate-Induced
Cytotoxicity in PC 12 Cells. Korean J Food Sci Technol 37(3): 479-483
(2005).

Duthie SJ, Dobson VL. Dietry flavonoids protect human colonocyte DNA
from oxidative attack in vitro. Eur J Nutr 38: 28-34 (1999).

Eun JS, Song WY. The combined effects of n—-BuOH fraction of Ulmi cortex
and anticancer drugs on cancer cell lines. Kor J Pharmacogn 25(2): 144-152
(1994).



Evans VG. Multiple pathways to apoptosis. Cell Biol Int 17: 461-476 (1993).
Fernandes—-Alnemri T. Litwack G. Alnemri ES. CPP32, a novel human
apoptotic protein with homology to Caenorhabdities elegans death protein

Ced-3 and mammalian interluekin—-1 beta-converting enzyme. J Biol Chem
269: 30761-30764 (1994).

Gelboin HV. Studies on the mechanism of microsomal hydroxylase induction
and its role in carcinogen action. Rev. Can. Biol 31(1): 39-60 (1972).

Griiter MG. Caspases: Key players in programmed cell death. Curr Opin
Struct Biol 10: 649-655 (2000).

Heidelberger C. Chemical carcinogenesis. Annu. Rev. Biochem. 44: 79-121
(1975).

Hong ND, Rho YS, Kim NJ, Kim JS. A study on efficacy of ulmi cortex.
Korean J Pharmacogn 21: 217-222 (1990).

Huberman E, Sachs L, Yang SK, Gelboin V. Identification of mutagenic
metabolites of benzolalpyrene in mammalian cells. Proc Natl Acad Sci U S
A. Feb;73(2): 607-11 (1976).

Jun CD, Pae HO, Kim YC, Jeong SJ, Yoo JC, Lee EJ, Choi BM, Chae SW,
Park RK, Chung HT. Inhibition of nitric oxide synthesis by butanol fraction
of the methanol extract of Ulmus davidiana in murine macrophages. J
Ethnopharmacol 62(2): 129-35 (1998).

Kang YK, Park DI, Lee JH, Choi YH. The effects of Yunpyesan on cell
proliferation, apoptosis and cell cycle progression of human lung cancer A549
cells. Kor J Oriental & Pathology 16(4): 745-755 (2002).

Kapitulnik J, Wislocki PG, Levin W, Yagi H, Jerina DM, Conney AH.
Tumorigenicity studies with diol-epoxides of benzolalpyrene which indicate
that (+/-)-trans-7beta,8alpha- dihydroxy -9alpha, 10alpha-epoxy-7,89,10-
tetra hydro benzolalpyrene is an ultimate carcinogen in newborn mice. Cancer
Res. 38(2): 354-8 (1978).

Kapuscinski J. DAPI: a DNA-specific fluorscent probe. Biotech Histochem
70(5): 220-233. (1995).

Kim JP, Kim WG, Koshino H, Jung J, Yoo ID. Sesquiterpene
O-naphthoquinones from the root bark of Ulmus davidiana. Phytochemistry
43(2): 425-430 (1996).



Kim KY. Studies on the antimutagenic and anticancer activities of the root
bark of Ulmus parvifolia. -2t gtnl A AR =8 (1997).

Kim SH, Hwang KT, Park JC. Isolation of flavonoids and determination of
rutin from the leaves of Ulmus parvifora. Kor J Pharmacogn 23(4): 229-234
(1992).

Kluck RM, Bossy-Wetzel E, Green DR, Newmeyer DD. The release of
cytochrome ¢ from mitochondria a primary site for Bcl-2 regulation of
apoptosis. Science 275 1132-1136 (1997).

Ko JH, Lee SJ, Lim KT. 116 kDa glycoprotein isolated from Ulmus davidiana
Nakai (UDN) inhibits glucose/glucose oxidase (G/GO)-induced apoptosis in
BNL CL.2 cells. J Enthnopharmacol 100(3): 339-46. (2005).

Lee EB, Kim OK, Jung CS, Jung KH. The influence of methanol extract of
Ulmus davidiana var. japonica cortex of gastric erosion and ulcer and paw
edema in rats. Kor J Pharmacol 39: 671-675 (1995).

Lee GY, Kim MH, Choi HY, Myung KB. Preliminary study of expression of
caspase mRNA and apoptosis in squamous cell carcinoma and basal cell
carcinoma. Kor J Dermatol 41(1): 7-14 (2003).

Lee JC, Lee KY, Son YO, Choi KC, Kim J, Truong TT, Jang YS.
Plant-originated glycoprotein, G-120, inhibits the growth of MCF-7 cells and
induces their apoptosis. Food Chem Toxicol 43(6): 961-8 (2005).

Lee MK, Sung SH, Lee HS, Cho JH, Kim YC. Lignan and neolignan
glycosides from Ulmus davidiana var. Japonica. Arch Pharm 24: 198-201
(2001).

Lee SE, Kim YS, Kim JE, Bang JK, Sung NS. Antioxidant Activity of
Ulmus davidiana var. japonica N. and Hemipteleae davidii P. Korean J
Medicinal Crop Sci 12(4): 321-327 (2004).

Lee SJ, Heo KS, OH PS, Lim K, Lim KT. Glycoprotein isolated from Ulmus
davidiana Nakai inhibits TPA-induced apoptosis through nuclear factor-kappa
B in NIH/3T3 cells. Toxicol Lett 146(2): 159-74 (2004).

Miller JA. Carcinogenesis by chemicals: an overview - G. H. A. Clowes
memorial lecture. Cancer Res. 30: 559-576 (1970).

Moon YH, Rim GR. Studies of on the constituents of Ulmus parvifolia. Kor J
Pharmacogn 26(1): 1-7 (1995).



Mosmann T. Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J Immunol Methods 65:
55-63 (1983).

Murphy KM, Ranganathan V, Fransworth ML, Kavallaris M. Look RB. DBcl-2
inhibits Bax translocation from cytosol to mitochondria during drug-induced
apoptosis of human tumor cells. Cell Death Differ 7(1): 102-111 (2000).

Nagata S. Apoptosis by death factor cell 88: 355-365 (1997).
Newbold RF, Brookes P. Exceptional mutagenicity of a benzolalpyrene diol
epoxide in cultured mammalian cells. Nature. 261(5555): 52-54 (1976).

Nomura M, Shimizu S, Ito T, Narita M, Matsuda H, Tsujimoto Y. Apoptotic
cytosol facilitates Bax translocation to mitochondria that involves cytosolic
factor regulated by Bcl-2. Cancer Res 59(21): 5542-5548 (1999).

Potter JD, Slattey ML, Bostick RM, Gapstur SM. Colon cancer: a review of
the epidemiology. Epidemiol Rev 15 499-545 (1993).

Quillardet P, Hofnung M. The SOS chromotest, a colorimetric bacterial assay
for genotoxins. Mutat Res 147: 65-69 (1985).

Rashmi. Santhosh Kumar TR. Karunagaran D. Human colon cancer cells
differ in their sensitivity to curcumin-induced apoptosis and heat shock
protects them by inhibiting the release of apoptosis-including factor and

caspases. FEBS Lett 538(1-3): 19-24 (2003).

Reed JC. Apoptosis and cancer: Strategies for intergrating programmed cell
death. Semin Hematol 37: 9-16 (2000).

Reed JC. Bel-2 family proteins. Oncogene 17: 3225-3236 (1998).
Shin HR, Jung KW, Won Y], Park JG, 139 KCCR-affiliated Hospital. 2002

Annual Report of The Korea Central Cancer Registry: based on registered
data from 139 hospitals. Cancer Res Treat 36(2): 103-114 (2004).

Sims P, Grover PL, Swaisland A, Pal K, Hewer A. Metabolic activation of
benzolalpyrene proceeds by a diol-epoxide. Nature. 252(5481): 326-8 (1974).

Sims P, Grover PL, Swaisland A, Pal K, Hewer A. Metabolic activation of
benzolalpyrene proceeds by a diol-epoxide. Nature. 252(5481): 326-8 (1974).



Son BH, Park JH, Zee OP. Catechin glycoside from Ulmmus dividiana. Arch
Pharm Res 12: 219-222 (1989).

Son YO, Lee KY, Choi KC, Chung Y, Kim JG, Jeon YM, Jang YS, Lee ]JC.
Inhibitory effects of glycoprotein-120 (G-120) from Ulmus davidiana Nakai on
cell growth and activation of matrix metalloproteinases. Mol Cells 18(2):
16370 (2004).

Tsujimoto Y. Role of Bcl-2 family protein in apoptosis apoptosomes or
mitochondria? Genes Cells 3: 697-707 (1998).

Virag L. Kerekgyarto C. Fachet J. A simple, rapid and sensitive fluorimetric
assay for the measurement of cell-mediated cytotoxicity. J Immunol Methods
185: 199-208 (1995).

Weisburger EK. Mechanil= of chemical carcinogenesis. Annu. Rev. Pharmacol.
Toxicol. 18: 395-415 (1978).

Witte JS, Longnecker MP, Bird CL, Lee ER, Frankl HD, Haile RW. Relation
of vegetable, fruit and grain consumption to cololectal adenomatous polyps.
Am J Epidemiol 144: 1015-1027 (1996).

Wood AW, Wislocki PG, Chang RL, Levin W, Lu AY, Yagi J, Hernandez O,
Herina DM, Conney AH. Mutagenicity and cytotoxicity of benzolalpyrene
benzo-ring epoxides. Cancer Res. 36(9 pt. 1): 3358-66 (1976).

Yang SK, McCourt DW, Roller PP, Gelboin HV. Enzymatic conversion of
benzolalpyrene leading predominantly to the diol-epoxider-7,
t-8—-dihydroxy-t-9,10-oxy-7,8,9,10 —tetrahy drobenzolalpyrene through a single
enantiomer of r—7,t-8-dihydroxy-7, 8-dihydro benzolalpyrene. Proc Natl Acad
Sci USA 73(8): 2594-8 (1976).

Yang YL, Kim Y]J. Immunostimulating exopolysaccharide with anticancer
activity from enterobacter sp. SSY(KCTC 0687BP) screened from Ulmus
parvifolia.. Kor J Biotechnol Bioeng 16(6): 554-561 (2001).

Yang YL, Kim YJ, Kim KH, Oh Y]J. Seperation of glycoprotein and its
anticancer immunostimulationg activity from dried bark of slippery elm(Ulmus
parvifolia). Kor J Biotechnol Bioeng 16(6): 547-553 (2001).

Zhao 7ZQ, Budde JM, Morris C, Wang NP, Velez DA, Muraki S, Guyton RA,
Vinten JJ. Adenosine attenuated reperfusion induced apoptotic cell death by
modulation expression of Bcl-2 and Bax proteins. J Mol Cell Cardiol 33:



S57-68 (2001).

Wang D., Xia M.Y., Cui Z., Tashiro S.,, Onodera S. and Ikejima T. (2004)
Cytotoxic effects of mansonone E and F isolated from Ulmus pumila. Bio.
Pharm. Bull. 27(7) 1025-1030



	느릅나무 유효성분의 생리활성 평가 및건강기능식품 개발연구
	요 약 문
	목 차
	제 1 장 연구개발과제의 개요
	제 2 장 국내외 기술개발 현황
	제 1 절 국내 관련기술의 현황
	제 2장 국외 관련기술의 현황

	제 3 장 연구개발 수행 내용 및 결과
	제 1 절 느릅나무 추출물의 in vitro 생리활성 평가
	제 1 항 재료 및 방법
	1. 시료의 추출
	2. 산화적 스트레스 억제활성 측정
	3. 신경세포독성 보호효과 측정

	제 2 항 실험결과
	1. 산화적 스트레스 억제활성
	2. 신경세포독성 보호효과


	제 2 절 느릅나무 추출물의 지질대사 및 기억력 손상예방에 미치는 영향 (in vivo)
	제 1 항 느릅나무 추출물이 지질대사 및 항산화체계에 미치는 영향
	1. 느릅나무식이섬유가 지질대사 및 항산화 체계에 미치는 영향
	가. 재료 및 방법
	나. 실험결과

	2. 느릅나무 에탄올 추출물의 항 고지혈증 효과
	가. 재료 및 방법
	나. 실험결과


	제 2 항 느릅나무 추출물의 기억력손상예방 효과
	1. 건망증 모델에서 느릅나무 에탄올 추출물의 기억력손상예방효과
	가. 재료 및 방법
	2. 실험결과

	2. 고활성 획분의 LPS 유도 기억력 손상예방 효과
	가. 재료 및 방법
	나. 실험결과



	제 3 절 느릅나무의 암 예방효과
	제 1 항 느릅나무의 대장암 세포 성장 억제능 (in vitro)
	1. 실험재료 및 방법
	2. 실험결과
	가. Cell growth
	나. DAPI 형광염색을 이용한 apoptosis 확인
	다. Western Blot을 이용한 apoptosis 관련 단백질 발현 확인(Bcl-2, Bax, Caspase-3)


	제 2 항 느릅나무의 대장암전이억제 효능 (in vivo)
	1. 실험재료 및 방법
	2. 실험결과
	가. 체중변화 및 장기무게
	나. 대장 이상선와소 및 이상선와
	다. BrdU 표지에 의한 세포증식능
	라. 혈액생화학적 biomarker


	제 3 항 느릅나무의 폐암예방 효능 (in vivo)
	1. 실험재료 및 방법
	나. 실험결과


	제 4 절 느릅나무의 지표물질 설정
	제 1 항 지표물질 설정을 위한 분획 및 활성측정
	1. 실험재료 및 방법
	2. 실험결과

	제 2 항 지표물질 설정을 위한 유효물질의 구조동정
	1. 실험재료
	2. 실험결과

	제 5 절 느릅나무추출물의 식품소재화 및 제품개발
	제 1 항 느릅나무 추출물의 이화학적 성분 분석
	1. 실험방법
	2. 실험결과

	제 2 항 느릅나무 수용성 식이섬유 추출물의 유동 특성
	1. 실험방법
	2. 실험결과

	제 3 항 느릅나무 추출물을 이용한 제품개발
	1. 제빵 적성
	가. 실험재료
	나. 식빵의 제조
	다. 식빵의 물리적 특성
	라. 관능검사

	2. 과립 제품
	3. 음료 제품




	제 4 장 목표달성도 및 관련분야에의 기여도
	제 5 장 연구개발 결과의 활용계획
	제 6 장 참고문헌

